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PREFACE TO THE FIFTH EDITION 

The fouiEth edition of the text had got out of print earlier 
than it was expected and the authors took this opportunity 
for .^ thorough revision of all the chapters and also for the 
int^duction of some of the advances in the subject wijiiaut 
increasing the bulk of the book. The emphasis laid on the 
varied applications of organic chemistry to biochemical pro- 
blems will help the student to take an increasing interest in 
medical biochemistry and also to study the latter subject 
more intelligently. The special chapter on Vitamins contain- 
ing numerous useful data on Indian foodstuffs will help to 
create an interest in the nutritional problems of India, and 
thirdly, the special chapters on Toxicological Chemistry 
would enable the student to study Pharmacology and Toxico- 
logy with profit in his later years of medical study. The 
text will therefore not only cater to the needs of an examinee 
in medical chemistry but also serve as a book of reference 
for his future use. Considering the otherwise high cost of 
medical education for an Indian student, the price of the 
book has been kept very low compared to the enormous 
increase in the cost of publication. It is, however, believed 
that with the varied informations incorporated in the text it 
would prove^ useful not only for the medical ^students but 
also for the''^.&., B.Sc. (Tech.), B. Phfarm. and other 
classes of sfudents all over India. The authors desire to 
acknowledge with grateful thanks the; u^frd* sind 

criticisms offered by many of their . friends, particularly by 
Prof. R. Ganguly, MSc., R. G. Kar M^ical College, 
Calcutta. They have been of inestimable value in revising 
the book for this edition. 


Calcutta 

Tht .15^^ ig^ 6 . 


S. G. 

K. N. B. 



PREFACE TO THE FOURTH EDITION 

The third edition of the book was out print within 
a few months of its publication and the authors note with 
satisfaction the warm reception accorded to it in different 
parts of India. The; difficulties about paper and press have 
delayed considerably the publication of this edition- The 
delay has, however, helped the authors to devote more ti|ne 
for its improvement by incorporating certain new and 
important subjects, for instance, the chemistry of penicillins, 
paludrine, technical D.D.T., etc. All the chapters Kave 
been carefully revised and many portioas have been entirely 
rewritten and brought up to date as a result of which there 
has been an increase in the number of its pages. In ijie 
toxicological portion two new illustrations have been added 
and some interesting cases of poisoning by lead tetraethyl, 
hitherto unknown in India, have' been described- 

In the preparation of this edition, as also in the previoi^s 
one, works of eminent toxicologists particularly of Webster, 
Modi and Sydney Smith, have been of inestimable value 
which the authors thankfully acknowledge. They also desire 
to record their grateful thanks to Dr. M. Swaminathan, D.Sc., 
of the All-India Institute of * Hygiene & Public Health, 
Calcutta, for his valuable assistance in revising the chapter 
on Vitamins. 

' The book was originally written for medical students 
of Indian Universities but the manner in which the matters 
have been discussed and presented leads Jthe authors to 
believe that it will prove useful to other students of science 
for whom a basic knowledge of organic chemistry is 
essential, such as those for B.Sc., B.Sa (Tech.), B. Pharm., 
M.Sc. with pharmaceutics^ food and drugs, etc. Public 
Health students and students studying Biocnemistry, Toxi- 
colo^ and Industrial Hygiene will also find the book useful, 
particularly its toxicological portions. 

Calcutta 

The j^ih July, ig4.6. 

S. G. 

K. N. B. 



PREFACE TO THE THIRD EDITION 

Ift spite of numerous changes and considerable additions,^ 
the present volume may be regarded as the Thi^d Editioo 
of Gho^ & Boyd’s Manual of Organic Chemiistry for 
Medical Students, since the method ©f treatment and the 
arrangements of the subject matter dealt with in the^Second 
E^tion of that text have been generally left unaltered. As 
the second author (T. C. B.) of the previous editio^ • hadi, 
a}r^dy retired from service and was about to leave %i<iist 
when the publication of the Third Edition of the bopk^Avas 
under cons’deration, the senior author felt it desirabte 
publish this volume, with his full approval, with an alt^ed 
title and with the help of another joint author in his place. 

Although the method of treatment and general artange- 
merit remain practically the same as regards older matter, 
almost all the previous chapters have been carefully revised 
and rewritten and considerable new matter has b^n intro- 
duced. The criticism lewlled against the previous editions 
as being too concise for medical students has been met by 
adding more details wherever it has been found desirable. 
More attention has been paid to the application of organic 
chemistry to biochemical p^roblems, and also to synthetic 
drugs which are rapidly replacing those found to oc u 
nature. The rapid advance of our knowledge of the 
chemistry of vitamins and their wider application to medicine 
have encouraged us to attempt a detailed summary of this 
fascinating subject, and the chapter will we hope increase 
the usefulness of the book for a wider citele of readers. 

Quite a new feature of this edition has been the addition 
of five chapters pn Toxicological Chemistry. The inclusion 
of this subject has been actuated by the attention paid to it 
by the different Indian Universities in their medical and 
other cuTuicula. The chapters incorporate in them in a 
nutshell the results of special study and wide practical 
experience of one of us in this important subject- 

In the preparation of this edition, we have had to consult 
several sfancjard books on organic and biochemistry and the 
physical data have been mainly drawn from Beilstein. The 
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larger text , books on toxicology which have been consulted 
freely those of Witthaus, Autehrieth, Webster, J. P/Modi 
and Sydney Smith. We have 'also to thank Messts- 
Botterv^orth & Co. (India) Ltd., for kindly provid^g us 
with sk blocks printed in Mqdi's Text Book of liledical 
JunspuKlenQe and Tpxicology;^ ■ 

... ^ * 

In conclusion, the authors hope that the book will prove 
useM^not duly to medicaL, students for whom it has been 
ikimarily wdttep but also to pharmaceutical and public 
health students as well as to scientific workers interested in 
the application of organic chemistry to biochemistry,, 
toxicology and medicine. 

' Calcutta 

The 1 st October, J944. 


S. G. 

K. N. B. 
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ORGANIC AND 
TOXICOLOGICAL CHEMISTRY 
' PARTI 

CHAPTER I. 

GENEkAL 

Historical Introduction. — ^About the end of the 17th 
century, L 4 m 6 iy introduced the name Organic Chemistry 
in scientific literature. It included the chemistry of subs- 
tances occurring in the vegetable and animal kingdoms as 
distinguished from substances occurring in the mineral world 
which were placed under Inorganic Chemistry. By the end 
of the i8th century, Lavoisier demonstrated the true nature 
- of organic compounds and showed that they contained 
carbon; hydrogen and oxygen. The organic compounds 
were, however, believed to be produced in living organisms 
only through the agency of a mysterious force known as 
the vital ^ force. In 1828, Wohler synthesised urea, a 
characteristic product of animal metabolism, from cyanic 
acid and ammonia and thus broke the barrier between 
inorganic and organic compounds. The distinction is, how- 
ever, still retained for reasons of convenience. 

Definition of Otganic Chemistry and Peculiarity of 
Organic Compounds. — Organic Chemistiy is now defined as 
the chemistry of carbou ccymPounds, and only the very 
simple compounds like carbon monoxide, carbon dioxide, 
metalhc carbides, etc., are treated under Inorganic 
Chemistiy. 

The formation of innumerable organic compounds 
containing only a limited number of elements depends partly 
upon the Utravalency of the carbon atom but bhiefly upon 
pe power of the carbon atom to link with itself with 
other elements forming long and stable compounds with 
ppen chains or rings. In Inorganic Chemistry the number 
of elements is jarge 'Jbut the compounds formed by any one 
element is small o^ng probably^ the lack of affinity 
|etween similar elements. 
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T]^ majority of naturally occurring organic componPcis 
contest of C and H methane, |)enzeiie, etc.) or of 

C, H O (e.g., alcohols, acids, sugars, etc.). A rela- 
tively smaller number of compounds consist of C, H and 
N or of C, H, N and O purines, amines, alkaloids, 

etq.) . and a still fewer numl^r contain S and P (e.g., 
proteins, etc.). Iodine is found in thyroxine, one of tne 
active principles of the thyroid gland. Of the metals, Fe 
is found in organic ' combination in hasmoglobin, the red 
pigment of the blood of all vertebrates, and Mg is an 
essential constituent of chlorophyll, the green pigment of 
plants. Some crustaceans and molluscs contain Cu instead 
of Fe in their blood pigment. 

A very large number of carbon compounds containing 
non-metals like Cl, Br, I, N, S, etc., and a large number 
of organo-metallic compounds containing Hg, Pb, Zn, Mg, 
As, Sb, etc., have, however, been prepared synthetically in 
the laboratory and have added to the eVer increasing number 
of 'organic compounds. 

Recognition of Organic Compounds. — Organic com- 
, pounds are readily distinguished from inorganic compounds 
by their combustibility. When a solid organic compound 
is , gradually heated it will char and finally bum in contact 
with air without leaving any ash. Charring may not, how- 
ever, be observed in certain cases where the substances 
volatilize, or in case the molecule contains enough oxygen 
to produce COj and H2O, e.g,, oxalic add. T)\q evolution 
of CO2 on oxidation is, of course, a more definite test for 
tne presence of an organic compound. For this the organic 
compound, if solid or a non-volatile liquid, is heated with 
powdered cupric oxide CuO in a test tube and the CO3 
evolve^ is led into a solution of baryta or lime-water. In 
the case of a volatile liquid or gas the vapour is led over 
a glowing b^e. of copper and the CO^ evolved is tested as 
before. The 'pre^nce of inorganic matter (non-volatile) in 
an organic cpirmbund is best observed by heating the 
substance carefiffly ©n a platinum foil, when the organic 
matter w|U buni away leavm inorganic portion as ash. 

Puri^tfon pf Oy8talfoation.~An organic 

solid is usnally purified by crystallization from a solvent 
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The solvents most', frequently employed are organic Uqaids 
iiKe ethyl alcohol, methyl ‘alcohol, acetone, chloroform 
^ether, petroleum ether, benzene, etc., although water is also 
found to be suitable in many cases. The advantage of 
organic solvents is that^ they generaUy boil; at a lower tem- 
perature than water and hence not only do they cause less 
decpixgipsition but they cm also be easily removed bv 
r<ev'apofation. ^ 

It is found that a solvent linll dissolve a compound 
which has a constxiMition similar to itself. Thus, ethyl 
alcohol which has got a hydroxyl group, will usually d^ 

and benzene, a hydrocarbon 
-will dissolve hydrocarbons more readily, and so on. There’ 
’^are, however, many exceptions to this rule, and an experi- 
mental trial with the solvent is often of more value. 

The selection of a proper solvent is very important in 
ctystallization, and the most suitable solvent is one in which 
the substance is soluble with difficulty in the cold but dis- 
^lyes easUy on warming. Sometimes a mixture of solvents 
IS found better than a sihgle pure solvent, and one solvent 
IS selected m which the substance is easily soluble and 
another in which it is soluble with difficulty. Thus, 
raxtures of alcohol and water, alcohol and ether, chloro- 
form and petroleum ether, are often found to be useful. 

For crystallization, the substance is dissolved ‘in a small 
^ount of the hot or boiling shlvent and filtered while still 
not. If the substance is coloured, a little finely powdered 
antmal ch^coal (blood or bone charcoal) is also added 
before boi|mg in order to adsorb the colouring matter. On 
cooling crystals of the dissolved substance, which 

JS less s^Je m the cold solvent, are precipitated and are 
separate e‘s filtration. On concentrating the filtrate, or 
mother ^^or as it is called, a second crop of crystals 
appearand further 'crops of crystals are obtained by 
If p^ting the process. This process of purification' is known 

** depends upon the fact 
pfiat the less soluble substance crystallizes out first, then 
comes the more^ soluble; and so on. The crystals obtained 
m eacm fi^bon may be further purified by r6ciystallization 
fro^n ffie jfcne solvents. 
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-Sublimatioii*— This is a process by which a solid 
substance is converted by heat directly into vapour and 
condenses back into a solid on cdoling without passing 
through the liquid phase. Certain volatile solid substances 
(e.R., camphor, naphthalene, benzoic acid,, etc.) can be 
purified by this process from non-volatile 
impurities. A . simple arrangement for 
sublimation consists of a small porcelain 
basin oVer which is placed a circular 
asbestos board pierced by a number of 
small holes (Fig. i). A glass funnel is 
inverted over the a^esfos board and the 
material to be sublimed is placed in' the 

basin. The basin is then gently heated 

over a sand bath when the material vaporizes and condenses 
as fine crystals on the inner side of the cold funnel and 
can be easily scraped off. 

Criteria of Purity of Solids,— A solid substance is- 
considered pure only when it mdts sharply at a definite 
temperature. When impure, the *substanc^ first begins to 
soften and there is usually a difference of several degrees 
between the softening point and the temperature at which it 
melts completely. 

It may happen that two entirely different substances- 
have nearly the same melting point. In such a case a 
ihixture of the two will show a lower melting point whereas 
a mixture of two pure samples of the same substance does 
not show any such lowering; This method of 
determining the mixed melting point is some- 
times used to establish the identity of an organic 
substance. 

Deten^adon of Melting Point.— ^The dry 
solid substance is finely powdered and taken in a 
thin-walled tepillary tube closed at One end and 
measuring about i mm. in diameter and about 
8 cm. long. The capillary tube is attached tp a 
thermometer by means of a thin rubber band so 
that the substance is close to the middle of the 
hulh of the theinmmete A high boiling liquid^ 
i^tich as concentrated sulphuric acid^ is takenlfa a long- 
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necked hard glass flask fitted with a cork having a shallow 
.vertical groove on its side to allow for the escape of gases. 
The thermometer with the c^illary tube passes through 
the centre of the cork and dips into the liquid (Fig, 2). 
The fla^ is placed over a wire gauze and gently heated 
irom below. The temperature at which the substance 
melts to a transparent liquid is observed and taken as the 
'melting point of the solid. 

Purification of Liquids by Distillation. — An organic 
liquid is generally purified by distillation. The substance is 
taken in a distillation flask provided with a side-tube. The 
neck of the flask 
i^ fitted with a 
cork through 
which a thermo- 
meter is passed, 
the bulb of 
the thermo- 
meter reactog 
slightly below 
the level of the 
^ide-tube. The 
flask which is attached to a condenser is gently heated from 
below after adding a few pieces of unglazed porcelain to the 
liquid to prevent bumping and the temperature at which the 
liquid begins ter boil is observed. The vapour of the liquid 
condenses and the distillate is collected in a r^eiver placed 
at the lower end of the condenser (Fig. 3) . 

For high-boiling liquids (boiling above I30°C), an air- 
condenser {i.e., a straight glass tube without any^jacket) is 
used. For low-boiling liquids, a water-cooled condenser 
Liebig's condenser, as in Fig,. 3) is used, and in case 
the room temperature is high> a condenser cooled with 
-watey may be necessary; ^ 

. In the case of high^boiling liquids the flask is heated 
:tever a wire gauze or a sand bath/ For liquids boiling below 

and especially when the liquid is inflammable, the flask 
I^Tieated over ^ mater bath or still better over a steam bath,, 
fc; Fractional Distillation.- — If the liquid te be distilled is 
|>iire it will boil over completely at a constant temperature. 
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If, however, it is a mixture the boijiiig point Will gradually 
rise, the more volatile liquid coming over at a lower teim 
perature. A separation of the differ- 
ent liquids of a mixture can thus be 
made by changing the receiver after 
the liquid boiling within a definite- 
range of temperature (say, every 
has collected. Each fraction 
collected in this way is refractionated 
until liquids of constant boiling point 
are obtained. This process of separa- 
tion of different liquids in a mixture 
is known as fractional distillation. 
For a more efficient separation of 
liquids a fractionating cokmn 
a pear-shaped still head or better, a 
glass column packed with small pieces 
of narrow glass tubings) is fitted on the neck of an ordinary 
round-bottomed flask in place of the usual dis^llation flask 
with the side-tube (Fig. 4). 

Vacuum . Distillation or EKstillation under Reduced 
Pressure. — When a liquid has a very high boiling point or 




Sfheh it d^ompOses atrits boiling point, it has to be distilled 
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in vacuo, ue., at a reduced pressure ^ For vacuum distiUa- 
# tion the ordinary arrangement for distillation can be m^de 
(as in Fig. 3, p. 5) but all the connections are made air- 
tight and the receiver ,is connected by a side-tube with a 
manometer and with an efficient pump to create vacuum. 
Since the boiling point of a liquid diminishes with the fall 
of the pressure above it, the liquid will boil at a lower tem- 
perature the higher the vacuum and hence a decomposition 
is avoided. 

For fractional distillation in vacuo a special distillation 
flask, such as a Claisen Flask, is used and special receivers 
[e.g., those by Briihl, Perkin, etc.) are selected so that the 
different fractions can be collected in separate vessels with- 
out releasing the vacuum (Fig. 5). 

Steam DistUIadon. — This is a method of separating 
organic substances insoluble in water from non-volatile 
impurities whether solid or liquid. The method applies to 
those compounds which have an appreciable vapour tension 
at about 100 °C, the boiling point of water. Some high- 
boiling liquids, such as aniline or chlorobenzene can be 
pdrified by this means, and all the essential oils which occur 
in various plants are isolated by steam distillation. 

A current of steam from a small boiler is passed through 
the substance placed in a round-bottom fla^k (Fig. 6). The 



Fig, 6. / * Fig, 7. 


flask is set ill a sloping position so that the contents do not 
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^lash into the condenser and it is heated over a sand bath to 
p^l^vent the condensation of much steam. The vapour of 
the substance condenses al6ng With the steam in a water 
condenser and collect^ in the receiver. The distillate is 
tonsferred to a separating funnel (Fig. 7) in which the 
liquid which is immiscible with water gradually forms a 
separate layer and can be easily removed. The portion of 
the liquid which forms an emulsion with the water can then 
be dissolved out by shaking with a solvent like ether. 

% 

Boiling Point of a Liquid. — The boiling point of a 
liquid is determined in the same type of apparatus as that 
described for distillation (Fig. 3), only a smaller distillation 
flask is used if the amount of liquid is small. 

When the liquid available is very small (say, a few/ 
drops) a semi micro method, is employed. The liquid is 
taken in a narrow test tube which is attached to a thermo- 
meter by means of a rubber band. Into the 
liquid is dipped the c^n end of a sealed capillary 
tube (a melting point tube) and the thermometer 
with the test tube is then placed in the bath, 
used for the determination of melting point, 
which is heated very slowly (Fig. 8). The 
temperature at which a regular stream of bubbles 
comes out of the tube is taken as the boiling point 
of the liquid. The air in the capillary tube pre- 
vents the superheating of the liquid by supplying 
Fig, 8. a slow stream of air bubbles in the beginning at 
the bottom of the liquid. This is followed by a 
re^lar stream of bubbles of the vapour when the boiling 
point of the liquid is reached. The mean of three readings 
is taken as the boiling point. 

The boUi^ point of a liquid varies considerably with 
the atmospheric pressure above the liquid and it is, therefore, 
customary to mention the pressure when stating its boiling 
point, especially when it^ distilled under reduced pressure 
{c.g., 120V10 mm.). OTdinarily however, the pressure is 
understood to be- the normal atmospheric pressure, 
mm. of mercury, and no mention is made about this. 
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Criteria of Purity of Liquids.— A liquid is con- 
sidered to be pure when it shows a constant and definite 
boiling point when" distilled under a definite pressure. 

Mixtures of a few liquids sometimes show a constant 
boiling point. For instance, a mixture qf ethyl alcohol and 
water containing about 95*6 per cent of the alcohol will boil 
at a constant temperature of 781° at 760 mm. and it is 
almost impossible to concentrate the alcohol further by dis- 
tillation. Similar constanUhoiling mixtures (also known as 
azeatropic mixtures) are formed by methyl alcohol and 
acetone, acetone and chloroform, methyl alcohol and 
benzene, pyridine and water, and so on. Such a mixture is 
distinguished from a pure liquid by redistilling imder a 
different pressure. A pure liquid will change its boiling 
point but the composition of the distillate will remain the 
same, whereas in the case of a cpnstant-boiling mixture there 
will be a change both in boiling point and in the composition 
of the distillate. 



CHAPTER II 


QUALITATIVE AND QUANTITATIVE ANALYSIS 
A. Detection of the Elements* 

Carbon and Hydrogen. — small amount of the dry 
powdered substance is inbmately mixed with some freshly 
Ignited, diy copper oxide powder and carefully heated in a 
diy^ narrow, hard-glass test tube fitted with a cork and a 
bent glass tube. The carbon dioxide evolved is led into a 
clear solution of lime water kept in another test tube. The 
solution becomes turbid owing to the formation of calcium 
carbonate. The simultaneous^ formation of water vapour 
and its condensation on the upper and cooler parts of the 
test tube in which the mixture is heated proves the presence 
of hydrogen in the substance. A pinch of colourless 
anhy^ous copper sulphate if sprinkled on the moisture is 
turned blue. 

Oxygen.— There is no direct method of detecting the 
presence of oxygen /except when water is formed by heating 
the dry substance ‘in an atmosphere of nitrogen. It is found, 
however, by a quantitative analysis which not only detects 
but also determines its quantity. ' ' 

Nitrogen. — (?) A simple means of detecting the 
presence of nitrogen is to heat the substance with sodaAime 
(an intimate mixture of NaOH and CaO) in a hard-glass 
test tube and the ammonia evolved is recognized by its usual 
tests. The method, however, fails in the case of many com- 
pounds {Ag,, amines, nitro-compounds, etc.) and it is, 
therefore, better to use the method of sodium fusion des- 
cribed below, i fw) Lassaigne's Sodium Test. This test 
serves for the simultaneous detection of nitrogen, halogens 
and stdphur. A pellet of metallic sodium about the size of 
i' pea is heated in a narrow dry test tube until it mdts and 
a pinch qf the diy pbstance to be tested is slowly dropped 
into the melted ^dium. The mixture is heated to redness 
^til "the decomposition is complete and the red-hot portion 
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of the test tube is dipped into distilled water kept in a 
mortar. It breaks and the contents of the tube are ground 
to a powder. The extract is. filtered and the aqueous pirate 
b divided into three portions for testing the elements men- 
tioned above. To test for nitrogen ibe aqueous filtrate is 
treated with a- few drops of a freshly prepared solution of 
fe^pus sulphate, heated to boiling, cooled and a few drops 
of ferric chloride solution are added. It is then acidified 
with coiicentrated hydrochloric acid in order to ' redissolve^ 
the iron hydroxides. A blue precipitate or a bluish green 
solution due to the formation of Prussian Blue shoves the 
presence of nitrogen in the original substance. The sodium 
fusion converts the nitrogen into sodium cyanide NaCN 
which is changed to sodium ferro-cyanide Na^Fe(CN)g on 
boiling with ferrous sulphate. The ferric chloride then con- 
verts the ferrocyanide into Prussian Blue Fe4[Fe(CN) 

Halogens. — (i) Beilstein Test. A small piece of fine 
copper gauge is rolled at one end of a stout copper wire, the 
other end being pushed through a cork. The gauze is held 
in the non-luminous flame of a gas burner until the flame is 
colourless. The hot copper gauze is then dipped into a 
small quantity ^ of the powdered organic compound and 
placed again in the non-luminous flame. A green colour 
indicates the presence of a halogen (Cl, Br, I). The 
copper oxide formed by heating the copper, gauze decom- 
poses the organic compound forming a -^v^olatile copper 
halide which imparts the green colour to the flame. The 
method, is, however, not applicable in the presence of free 
acids, and some halogen-free substances such as urea or 
thiourfe'a, and some pyridine compounds also give this green 
flame. 

(it) Lassaigne's Test . — The aqueous fUtrate obtained 
after the sodium fu^on mentioned above contains the sodium 
halide and is acidified and heated with dilute nitric acid 
which decomposes any NaCN and removes the HCN. A 
white or yellow precipitate on the addition of a solution of 
silver nitrate will indicate the presence of a halogen. To 
fipd out the of the halogen, the precipitated silver 

halide may be treated with ammonia in tvhich AgCl is easily 
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soluble whereas AgBr is soluble with difficulty and Agl is 
in^luble. The aqueous filtrate may also be treated with 
dilute sulphuric acid until it is just acid to litmus. A little 
carbon disulphide and chlorine water are added and shaken. 
A brown colour imparted to the carbon disulphide will 
indicate the presence of Br, a violet colour will indicate the 
presence of I, and the absence of any colour will indicate 
the presence of chlorine. 

In case the substance also contains or S, the aqmous 
^rate should be acidified with dilute nitric acid and boiled 
in order to remove the HCN or H2S which would otherwise 
give a. precipitate with AgNOg. 

Sulphur. — (i) The aqueous filtrate from sodium fusion 
which contains sodium sulphide is treated with a freshly 
prepared aqueous Elution of sodium ‘nitroprusside, 
Na2[Fe(CN)5NO] . 2H2O, and a bright purple cblour will 
indicate the presence of S. (H) The aqueous filtrate may 
also be acidified with acetic and treated with an aqueous 
solution of lead acetate. A black or brown precipitate or 
colouration due to PbS will indicate the presence Of S. 
{in) If the substance contains both S and N, the aqueous 
filtrate will contain sodium thiocyanate NaCNS. The solu- 
tion is neutralized with dilute HCl until it is faintly acid and 
treated with 2 or 3 drops of ferric chloride; there will be a 
blood-red colour due to the formation of ferric thiocyanate 
Fe (0^6)3, {iv) The original substance is fused with a 
mixture of Na^CO^ and KNO^ and the melted mass is ex- 
tracted with water' and filtered. The S is oxidized to a 
sulphate andris tested by a solution of BaCL after acidifying 
the extract with HCl or HNO3. 

Phosphorus. — (/) The substance is heated with a 
mixture of concentrated sulphuric and nitric acids in order 
to oxidize the P into phosphoric acid. When the solution 
Iboeomes colourless; it is cooled, diluted with water, and 
Txiiled with some ammonium nitrate. The solution is 
copied, treated with’ a solution of ammonium molybdate and 
warmed, when a yellow precipitate of ammonium phospho- 
molybdate will be formed, {ii) The substance is fused with 
a,' mixture : of Na^COg and KNO3 and the melted mass is 
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extracted with water and filtered. The extract is acidified 
with nitric acid and treated witih a solution of ammonium 
molybdate and warmed as before. 

Arsenic*— Many organo-arsenic compounds are now 
used in medicine and various arsenic compounds, both, 
organic and inorganic, have occaisioned cases of poisoning, 
accidental or criminal. It is, therefore, important for 
medicolegal workers to be familiar with the methods used 
for the detection and estimation of As in presence of organic 
matter. 

The methods for the detection and quantitative estima- 
tion of As have been described later in detail (see 

pp. 551-567)- 

Antimony .~Many organo-antimony compounds 
now being used in the treatment of Kala-azar and other 
diseases, and both the qualitative tests and quantitative 
determination are important from the point of view of drug; 
standardization. Antimony is also used as a glaze in 
enamel wate and it may be dissolved by acid food or drink 
and cause poisoning. Its detection in food or stomach con- 
tents is, therefore, frequently required. For its detection 
the Reinsch test can be usefully carried out and the charac- 
teristic deposit of needle-shaped crystals, often found in 
star-shaped clusters of Sb^Oj, distinguishes Sb from As 
(see figs. 44 and 62 on pages 424 and 572). , 

Lead, — The detection and estimation of very small 
quantities of Pb in presence of organic matter in cases of 
lead poisoning are of great significance in cases connected 
with the administration of Workmen’s Compensation Act 
ai!d in medico-legal work. The method of detection is 
similar in details to the method of estimation and it is, 
therefore, described later (see pp. 576-586). 

.Iron.— The organic matter is destroyed by heating the 
substance in a crucible when a residue consisting of metallic 
iron and its oxides is obtained. It is dissolved by warming - 
with HGl containing a little HhTQj and filtered. The filtered 
solution which contains the iron in the ferric state is tested 
either by KCNS or by potassium ferro-cyanide as described 
before. 
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DBTERMINAT'ION OP THE BLENENTS 

Determinadoa of Carboo and Hydrogen. — It depends 
iipon the principle liiBt ii B. known weight of the substance 
is oompletely oxidized by heating in a current of air or 
D^^en in presence of heated cupric oxide the C '^d H 
we oxidized quantitatively to carbon dioxide and water. 
These are absorbed by a strong solution of caustic potash 
and anhydrous calcium chloride respectively and the 
percentages of C and H are calculated from the weights of 
GO2 and H^O obtained. 

The air and oxygen are kept in two reservoirs which are 
connected with two separate rows (only one of which is 
shown in Fig, 10) of wash bottles and drying tubes 
placed side by side so that either the air or oxygen can be 
used for the combustion. The oxygen (or air) is freed from 
moisture by first passing through a wash-bottle containing 
concentrate sulphuric acid and then through a U-tube con- 
taining a long layer of granulated soda-lime and a short 
layer of calcium chloride. It then bubbles through a 
small wash-bottle containing concentrated sulphuric acid, 
which helps to find out the rate at which the gas is passing 
throi^h the combustion tube. 

The combustion tube (Fig. 9) consists of a hard glass 
tube about 12 mm. inside diameter and of such length 
(commonly about 90-95 cm. ) that it projects about 5 cm. on 
either side of the combustion furnace in which it is placed. 
Op the side where the oxygen or air enters there is placed 
a long rpU of oxidized copper^gauze, then a space for putting 
a porcelain or platinum holding the substance, then a 
long column of copper oxide (in wire form) held in position 
by small asbestos plugs and finally another roll of oxidizSd 
cojper ^uze. 

The combustion tube is connected at the other end with 
a weighed U-tiibe pontaining granular anhydrous calcium 
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and a weighed potash bulb containing a concentrat- 
(about so per centV of KOH. A small calcium 
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chloride tube is attached tp the potash bulb in order to 
prevent,the escape oJE any water vapouf from the potash 
solution. 

The combustion furnace {Fig. lo) consists of an iron 
framework having a row of Bunsen burners, the flame of 
each of which can be regulated independently, and there is 
^n iron trough above the burners over which is placed the 
glass combustion tube. 



Fig. io. 


Before finally connecting the CaCl^ tube and KOH- 
bulb, the combustion tube is heated in a current of air to 
free ib-from all organic matter and then cooled. About o-2 
gram of the substance is weighed accurately in a porcelain 
or platinum boat and placed in the combustion tube. All 
the parts are then carefully connected as described above 
,,^with rubber corks and tubes and a slow current of air is 
Allowed to pass. The burners below the long column of 
CuO are first lighted and this paud rnade neairly; red hot. 
The substance in the boat is then carefully heated from one 
side and the combustion allowed to proceed slowly, first m 
a current of air and then in a current of oxygen. The H^O 
formed is absorbed in the weighed CaCIj tube and the CO. 
evolved is absorbed in the weighed KOH bulb. When the 
copibustion is over and all the moisture and carbon ^oxide 
driven' into the absorption vessels, the furnace is allowed to 
cool in a current of air. The absorption vessels are then 
out and carefully weighed. The increase^ in 
gives the weight of HjO and COj from which one chn easily 
calculate the percentage of H and C. 

Somei Modificafions in the Determination of C and H. 
If the substance'contains nitrogen the roll' of oxidized copper 
gauze m the front end of the combustion tube is replaced 
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ly a longer copper gauze which is reduced to metallic copper 
before each combustion and kept hot ip order to' reduce any 
oxide of nitrogen to gaseous nitrogen and thus prevent its 
absorption by the solution of potash. 

If the substance contains a halogen, a spiral of silver 
gauze is used instead of the copper gauze in order to decom- 
pose any volatile copper halide which may be produced and 
also to retain any free halogen as silver halide which is less 
volatile. 

If the substance contains sulphur, the layer of copper 
oxide is replaced by a layer of granular, fused lead chromate 
mixed with about one-fomlh of its bulk of wire-form copper 
oxide. The oxides of sulphur are decomposed by the lead 
chromate and retained as lead sulphate. 

If the substance is a liquid it is taken in a small tube 
with a loose stopper or if the liquid is very volatile it is 
weighed in a sealed glass bulb with a capillary end which is 
broken before introduction into the combustion tube. 

Determination of Oxygen. — There is no direct 
method of determining the percentage of oxygen. It is 
obtained by subtracting the sum of the percentages of the 
other elements from loo. 

Example, — 0-2004 gram of glucose gave on combus- 
tion 0-2940 g. of CO2 and 0*1202 g. of H2O ; find the per- 
centage composition. Since 44 g. of CO^ would be obtained 
from 12 g. of C, 0-2940 g. of CO^ would be obtained from 

0-2940 X — or 0 0802 g, of C. Hence the percentage of 
.44 

^ 0-0802 X 100 A • . o . T-r ^ 

' %-2004 = 40-01 • Again, since i 8 g. of HjO 

would be obtained from 2 g. of H, 0-1202 g. of H^O would 
^ obtained from o-r202,x -^ or 0-0133 g. of Hence the 

\ ^ ^ lo 

{wrcentage ^ of =6-63,. . The percentage 

■b| O 'is, theteforei - by . di%rence=: 100- (40-01 + 6-63) 
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Detertnimtion of Nitrogen , _ , t « 

I. Duinas’ Method.— This method is apphcable to all 
organic compounds and depends upon the tiiat the 

compound is oxidized in a combustion_ tube with cupric 
oxide in a current of pure carbon dioxide. The nitrogen 
evolved is collected in, a nitrometer over! a concentrated 
solution, of caustic potash which absorbs all the carbon 
dioxide, and the percentage of nitrogen is calculated from 
the voliame of nitrogen gas found. 

About 0-2 gram of the dry substance is weighed accu- 
rately, intimately mixed with an excess of finely powdered 
pure dry cupric Qxide and introduced into the combustion 
tube in the space where the porcelain boat is placed. The 
other arrangements inside the combustion tube are practi- 
cally the same as in the determination of ,C and H, only ^ 
oxidi^d copper gauze at the front end is replaced by a 
long copper gauze which is reduced to 
metallic copper before each conibustion 
in order to decompose the oxides of 
nitrogen to free nitrogen. Instead of 
air or oxygen, a current of pure COj, 
free from air, from a Kipp’s app>a- 
ratus, is piassed and the nitrogen gas 
evolved is collected in a Sckiff’s nitro- 
'meter (Fig. ii) containing a concen- 
trated solution (about 50 per cent) of 
KOH. The potash solution absorbs all 
the carbon dioxide and the volume of 
nitrogen is read. The observed volume 
is reduced to N.T.P. and the percentage 
of N is calculated from this. 

Example. Compoimd with C, H, N 
& G ; 0-1805 gram of acetanilide gave 
on combustion 0-4706 g. of CO^ and " , 

0-1083 S- of : and 0-2 gram of the substance gave 18. w 
eJt.' of Nj at 22°C and -750 mm. pressure ; calculate the 
/ * ^ . 0*4706 / o . 

pere^tage composittoriv Weight of C=-- 
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H=;=o^io83x =001203: hence H= 0:21203 x109 

- lo o^iSos 

«^66 per cent. The volume of N at N.T.P.^b 

grai:^- 

molecular weight of any gas occupies 22240 c.c. at 
N.T.P., 28 grams of nitrogen gas (Nj) would occupy the 
same volume. Hence the weight of 16-5 c.c. of N, 
28 X 16-5 ■ . 

= =002077 and the percentage of N 

0*02077 X lop o X T-L 

— ^ ^=10-38 per cent. The percentage of oxygen 

found by difference =106 - (7108 + 6-66 + 'i0'38) = 11-88 
per cent. 

2. Kjeldahi’s Method. — The method depends upon 
the fact that when an organic compound is heated with con- 
centrated sulphuric acid the nitrogen present is converted 
into ammonium sulphate. The ammonia is then liberated 
from this by an excess of caustic soda and is determined by 
absorbing it in a known volume of a standard sulphuric 
acid. 

The method is verj^ simple in its operation, involves 
inexpensive apparatus and allows a number of determina- 
tioiTs to be carried out simultaneously. It is widely used in 
the estimation of proteins in foodstuffs, analysis of fertili- 
zers, therapeutic compounds, etc., and is thus of value in 
biochemical, agricultural and other analyses. Especial 
tnicrcrafpara^ has also been devised for working with very 
small quantities of material in biochemical analysis. 

This method does not, however, yield such accurate 
results as may be necessary for the determination of 
formulae, and it fails in the case of organic compounds like 
nitro, nitroso-, azo- or diaZo-comPounds, hydrazines, 
06azones„ nitrate peters, cyanides, etc. 

A small amount (0-5 gram or morp, depending upon 
-^ content of N) , of the dry substance, weighed accurately, 
rs taken in a long necked, round bottom flask, known 
as Kjeldaht flask, with about 20 c.c. of concentrated 
pure sulphuric acid, about 10 grams of pure anhydrous 
potasaum bisulphate KHSO^ (which raises the boiltog point 
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of the HaSO^ and hastens the oxidation) and a small crystal 
ot copper sulphate (or KMnO^; metallic Hg, selenium 
oxide, etc ), which acts as a catalyst, and heated until 
the liquid becomes almost colourless. The flask is provided 
with a loose glass stopper and the heating is carried out 
inside a fume cupboard. The clear solution is cooled, diluted 
with abQut 200 c.c. of ammonia-free water and transferred 
completely to a round bottom flask connected to a vertical 
condenser through a bulb-trap which prevents the splashing 
of the alkaline solution into the con- 
denser (Fig. 12). A little zinc dust is 
added to prevent bumping and the end 
of the condenser tube dips just below 
the surface of the standard acid with 2 
drops of a suitable indicator kept in a 
conical flask. A strong, solution of 
NaOH (about 40 per cent) is carefully 
added until the solution is alkaline as 
indicated by a piece ‘of litmus paper 
already introduced into the flask and the 
solution is then distilled until all the 
ammonia is absorbed by the acid. The 
residual acid is ascertained by back 
titration with a standard alkali. A 
blank experiment is always recommend- 
ed and the titration result is deducted Fid- 12. 

from that of the actual experiment ' 

Example. The ammonia evolved from 0*50 gram of 
wheat flour was absorbed in 25 c.c. of N/io_H2S04; the acid 
required 18-36 c.c. of N/io NaOH for back titration; 
calculate the percentage of nitrogen and of the protein 
present 

The ammonia evolved is equivalent to (25-00 -i8-36) 
Or 6-64 c.c. of N/io H3SO4, which is equivalent to 6-64 c.c. 
of N/io ammonia solution. But i c.c. of N/ip ammonia 
^lution contains 00014 of N. Hence the amount of 
N' in 0 50 g of the sample = 00014 x 6-64= 0-00^96 g. 

and the percentage of N = c 1-85 per cent. 

Now proteins contain about 16 per cent of N hence the 
p^entage of N obtained by the Kjeldahl method, when 
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Wultiplied by the faCtor^^or 6 25, gives the percentage ot 

protein. The percentage of protein in the present sample is, 
therefore, 1-85 x6-25-i= 11-56 per cent. 

E^enniiiation of Halogens^ Cariiu’ Miethod. 

The method depends upon the principle that when an 
Orgamc compound is heated at a high tempterature in a 
s^ed tube with fuming nitric acid in presence of silver 
nitrate, the organic portion is oxidized and the halogen is 
converted into a silver halide, which can be easily separated 
and weighed: 

A thick walled soft glass tube, about 18 inches long and 
about half an inch in internal diameter is sealed at one end. 

About 5 0 c.c. of pure fuming nitric acid are 
carefully introduced into the bottom of the tube' 
and about 0-5 gram ' of pure ciystals of silver 
nitrate dropped in. About 0*2 gram of the 
substance is weighed accurately in a narrow glass 
tube about 3 inches long and sealed at one end, 
and the tube is allowed to slide slowly down the 
large tube so that the acid does not come in con- 
tact with &e substance. The open end of the 
large tube is then carefully melted and drawn out 
to a capillary end with a thick wall and sealed 
.(n|g- 13); When cool, the glass tube is put 
inside an iron tube and heated in a bomb furnace 

(Fig; 14) at about 250° for several hours, t^en 

cool and while still inside the iron tube within the furnace, 
the projecting tip 6f the capil- 
lary end is warmed cautiously 
with a. Bunsen flame till the 
glass softens and the pressure 
pi the guises inside is released 
by a small opening. The tube 
■is then taken out of the iron 
cafe and, the capillary end 
broken. The silver ^alide 
formed- is ^transferred to a 
weighed , :^lt^ paper, washed rto. 14. 

ciirefuJly until free frpm AgNO.j and HNOj, dried and weighe 4 - 
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Example: 0-15 gram of iodoform gave 0-2682 gram of 
Agl ; calculate the perceutage of iodine; Ag=io7-88. 

Weight of iodine= S- 

, . . j. 126-92 X 0-2682 X 160 

, . tiercentage of iodine = ^ — r, =:q6-6a • 

; 234-8x0-15 

calculated for 01113=96-72 per cent. 

Determination of Sulphur 

(a) Carius’ Method. — The substance is heated as 
before in a sealed tube in the bomb furnace with pure fuming 
HNO3 but without any AgN03. The sulphur present is 
-converted into sulphuric acid and it is precipitated as BaSO^ 
by the addition of BaCl^. The BaSO, is collected on* a 
-weighed filter paper, washed, dried and weighed, the per- 
centage of S being calculated from the weight of BaSO^. 

(b) Fusion Method.— About 0-2 gram of the substance 
is fused in a crucible with a mixture of anhydrous sodium 
carbonate and sodium pieroxide. The melted mass is cooled, 
extracted with water acidified with HQ and treated with a 
solution of BaCU. The BaSO^ formed is weighed as before. 

Example. 0-25 gram of thiourea gave 0-7670 g of 
BaSO^ ; calculate the percentage of S ; Ba= 137-4 ^=32. 

%eight of sulphur = g 

233-4 

•. percentage of sulphur= ^ =42-06 ; 

calculated for CSN2H,, = 42-10 per cent. 

Determination of Phosphorus. — The substance is 
heated in a sealed tube with pure fuming nitric acid in a 
bomb furnace as in Carius method. The phosphoric acid 
formed is precipitated by magnesia mixture (an atjueous 
solution of NH^CI, NH^^H & MgCT) as rhagnesium 
ammonium phosphate MgNH^PO^ .bH^O which is trans- 
.ferred to a filter, washed and dried. The precipitate is 
heated in a crucible and the percentage of P ealculated 
;jfrom the amount of magnesium pyrophosphate Mgj,PjO, 
formed. 
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Determination of Arsenic*— See pp, 555 — 5 ^^^ Chap. 36- 
Determination of Lead* — See pp. 5 ^ 5 — 5^6, Chap. 36. 
Percentage Composition, Empirical formula, and Molecular 
formula. 


We have seen before that the percentage composition of 
an organic compound can be calculated from a quantitative- 
analysis. By dividing the percentage of each element by its 
atomic weight, we can get the relative numbers of atoms iir 
the molecule. 


Taking, for example, the figures from p. i6, C= 4 Q-or 
per cent, H=6-63 per cent, and 0 = 53-36 P«f. 
relative number of C atoms = 40-01 - 12=3-3. Ae re atfre 
number of H atoms=6-63^ 1 = 6-63 and the relative 

number of 0 atoms =53-36- 16— 3-3- ow 
fractions of atoms cannot exist, we can get the relative whole 
numbers by dividing each figure by the lowest amongst 
them. Thus. C= 3 - 3 - 3-3 = i, ; ^ =6-6 3-3 =2. and 
O =3*3 H- 3*3 = I. Hence the simplest formula is CrljU. 

Again, taking the example on p. 17, C = 7Do 8 per cent, 
H = 6*66 per cent, N = i0’38 per cent, and O-irSb per 
cent the relative numbers of atoms are: C = 71*08 -f 12 -- 
cW H = 6*66^ 1 = 6*66, N = 10.38 -14=0.74, and 

0 = 11*88-16=0*74. Dividing each of these by the 
lowest figure we get, 0=5*92-0*74 = 8, H = 6*66 -0*74 = 9, 
N = o *74- o *74 = i and 0=0*74-0*74 = 1. Hence the simplest 
formula is CgH^NO. 


The simplest formula obtained from the percentage 
composition is known as the empirical formula (Gk, em~ in. 
/v^/m-trial). It/, only gives the relative numbers' of the 
different elements present in the molecule. The formula 
giving the actuql numbers of atoms in the molecule, the 
moleciAar formula, may be the same or any multiple of the 
empirical fcrmula since the percentage composition would be 
the sdme for all. If> for instance, the mbleculat weight of 
the first compound is found to be 180/ the molecular formula 
vyotild bo GgHiaOe (see Chapter 3). 
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DETERMINATION OF MOLECULAR WEIGHT 

- It has beea stated earlier that the empirical formula 
indicates the relative numbers of the different kinds of atoms 
present in the molecule, whereas the molecular formula 
expresses the actual numbers of these atoms, and that the 
molecular formula is found out from the empirical formula 
by determining the molecular weight of the substance. For 
example, it was showm that the empirical formula for glucose 
as determined by analysis was CH2O, and that the molecjilar 
formula must (CH20)n where n may be any whole 
number- A determination of the molecular weight gave 'the 
value 180 and hence the molecular formula must be (CHaO)^ 
i.e,, the molecular weights corresponding to the 

values I, 2, 3, 4, 5 and 6 for n being 30, 60, 90, 120, 150 
and 180 respectively. The determination of the exact mole- 
cular weight is not, however, essential and it suffices if the 
method enables one to decide about the correct multiple of 
the empirical formula. And in the determination of the 
empirical formula it may be remembered as a general rule 
that the total number of valencies in a molecule must be 
an even number/' Thus a molecular formula like 
is incorrect since the total number of valencies is lor. 

A. PHYSICAL METHODS 

I. From Vapour Density. 

Victor Meyer Method. — The method consists in 
vaporizing a weighed 'quantity of the substance in an enclosed 
space and measuring the> volume of air it displaces. The 
vapour density is calculated from this, the molecular weight 
being twice the vapour density compared to hydrogen as 
unity The method is applicable only to compounds Which 
can be volatilized without decomposition at the atmospheric 
pressure. 
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The apparatus consists of an inner tube ah with a narrow 
side tube c, the mouth of the inner tube being fitted with a 
lubber cork. A graduated glass tube i filled with water is 
inverted over the end of the side tube in a trough filled 
with water (Fig. 15). The inner tube is 
surrounded by an outer jacket e which 
holds a liquid {e.g., water, aniline, nitro- 
benzene, etc,) whose boiling point is about 
40^ higher than that of the substance 
whose molecular weight is to be determin- 
ed. The cork ' fixing the inner tube to 
the outer jacket has a vertical groove to 
allow for the expansion of air inside the 
jacket. About o-i gram of the substance 
is weighed accurately in a small stoppered 
bottle known as Hofmann's bottle. The 
liquid in the jacket is boiled until the 
evolution of air bubbles from the end of 
the side tube c has ceased. The graduat- 
Fio. 15. ed tube d filled with water is then placed 
over the side tube and the loosely stop- 
pered bottle containing the substance is dropped into the 
inner tube by quickly opening the rubber stopper and again 
inserting it tightly. The substance vaporizes and the vapour 
displaces the air which bubbles out and collects in the 
graduated tube. When the evolution . of air bubbles has 
ceased, the volume of air is measured. 
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Example. 0-05 gram of ethyl alcohol displaced 37-22 
c.c, of air at 25’’C and 755 mm. pressure; calculate the 
molecular weight ; vapour tension of aqueous vapour at 
35®C is 23-55 nun- Volume of air at 


N.T.P. =27-22 X 


755-2 3-55 

760 


273 


= 24-0 c.c. 

273+25 

Hence 24-0 c.c. of alcohol vapour weigh 0-05 gram. Now 
I c.c. of hydrogen weighs o-ooooq gram; hence 24-0 c.c. of 
hydr^en weigh 0-00009x 24 =0-00216 g; so the vapour 
density of the substance compared to hydrogen as unity = 

- ^ ^g=23-f, and the molecular weight=46-2. The 

molecular weight calculated from the formula C,H.O=46-o/ 
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2. From Depression of the Freezing Point. 

The Cry oscopic Method. — Th.e method depends upon 
the fact that when a substance is dissolved in a hqui4 with 
which it does not react, it will depress the freezing point of 
the liquid by an amount depending upom the molecular 
weight of the dissolved substance. The 
depression caused by dissolving a gram 
mblecule {i.e., molecular weight ex- 
pressed in grams) of a substance in lOO 
grams of the solvent is found to be a 
constant and is known as the molecular 
depression of the solvent. Thus the 
values for molecular depression are: 
water i8-6°, benzene 50*0'', acetic acid 
390°, etc., and the relation between the 
molecular weight and the depression of 
the freezing point is given by the equa- 
tion, M = Kx where M= molecular 

weight, W = weight of substance dis- 
solved in 100 grams of solvent, and D = 
depression observed. The apparatus (Fig. 16) consists of 
a stout glass jar provided with a large stirrer. A wide test 
?tube passes through the central hole of a metallic cover, for 
'4he jar and serves as an air-jacket. A narrower tube with 
a side tube passes through the wide test tube 
and is held in position by a cork. The narrow 
tube is fitted with a special thermometer, known 
as Beckmann thermometer, and a small stirreTi 
The Beckmann thermometer has a range 6f 
about 6 degrees, each degree being divided intp 
hundredths. There is a small reservoir on the 
top (Fig. 17) which allows the zero position 
the mercury column to be adjusted to any con- 
venient positiop of the thermometer scale. 
About 15 to 20 grams of the solvent are weighed 
carefully and introduced into the inner test tube. 
Its freezing point is determined by cooling it with a freezing 
'mixture (usually ice and salt) placed in the jar. The 
solvent is then slightly * farmed up 'by the hand and the 


Fig. 16. 
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weighed substance (about 03 gram) introduced by the side 
tube and dissolved. The freezing point of the solution is 
determined again and the difference gives the depression of 
"the freezing point. 

■ Example, o- 2371 gram of an alkaloid dissolved in 14-5 grams 
.benzene lowered the freezing point of benzene by 0*230^ *; calculate 
the molecular weight. Molecular depression of benzene =50*. 

Mol. wt. = 50^ X 355*5 ; calculated M.W. = 356*0^ 

14-5 X 0-230 ^ 

N, B. The cryoscopic method gives abnormal results in the 
case of acids, salts, etc., which dissociate in the solvent or in the- 
case of substances which associate or form molecular aggregates 
in the solvent used. 

3 . From Depression of Melting Point. 

Rast's Camphor Method. A Micro Method. The method is 
based upon the fact that the molecular depression for camphor is 
very high (400®) compared to any /of the solvents 
used in the determination of molecular weight by 
the cryoscopic method. In consists in the deter 
mination of the melting point of a sample of pure 
camphor (m.p. about I76°C) in which a known 
weight of the substance has been dissolved. The 
method enables one to carry out the determination 
of the molecular weight with very small amounts 
of the material, i.e., as a micro method, with a fair 
degree of accuracy. It is rapid and can be carried 
out without the use of any special apparatus and 
with an ordinary thermometer. 

A few milhgrams of the organic substance are 
mixed with about 10 times its bulk of camphor, 

^ both being weighed accurately. The mixture is 
Fig. 18. melted rapidly in a small closed tube (Fig. 18) to 
a clear homogeneous solution by dipping into a 
bath of concentrated sulphuric acid heated to about i75°C. The 

^xture is allowed to cool,^ powdered, taken in a capillary tube and 
the melting point is determined in a small apparatus using a small 
tone (Fig. 18}, the temperature being raised very slowly. * The 
•temperature at which the last trace of crystalline material just 
disappears is taken as the melting point. The melting point of the 
sample of camphoi used is also determined in a similar manner and 
-^e difference in fie' melting point gives the depression. 

Example. 6*4 milligrams of acetanilide dissolved in 6i*o milli- 
gr^s of camphor showed the melting point 144 ’5" ; the m.p. of th© 
sample of camphor was T76®C ; calculate the molecular weight. 

‘ D - 176*0 - 144*5 = 31*5 ; K = 40cr; W, the weight of the 
sDbStance in 100 g. of camphor = 5 lt^^ = io-49i grains. Hence, 
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MW = 400 X ro' 49 i _ — _ 133-2 ; calculated for CjPl,NO = 135 - 

' ■ 3i'5 

4 From Elevation of Boiling I^oint. 

The Ebullioscopic Method.— This method depend* 
upon the fact that when a substance is dissolved in a liquic 
it will raise the boiling point of the liquid by an amouni 
depending upon the molecular weight of the dissolved subs 
tance. The molecular elevation, i.e., the rise in boiling poini 
when a gram molecular weight of the substance is dissolvet 
in 100 grams of the solvent, is for water 5'^°> chlorofom 
36-6°, benzene 261°, and so <m, and the molecular weighi 

is obtained from the equation M = K x where M is th( 

hi 

molecular weight, K is the molecular elevation, W is th( 
weight of the 'substance dissolved in loo grams of the solvent; 
and E is the elevation observed. 

B, Chemical Methods. 

1 . By Titration 

(a) Acids.— If the basicity of the acid is known the moleculai 
weight can be determined from the amount of standard alkali 
required to neutralize a known weight of the acid. For example, if 
the acid is monobasic, the weight which is neutralized by 40^ grams 
of NaOH (its gram molecular weight) gives the molecular weight oj 
the acid. 

(b) Bases. — If the acidity of the base is known, >the molectUar 
weight can be , determined from the amount of standard acid required 
to neutralize a known weight of the base. The molecular weights ol 
strong organic bases like alkaloids are sometimes determined in this 
way. 

2. By Silver Salts, — ^The method is applicable to organic acids 
r which yield sparingly soluble silver salts and whose basicity is known. 

The silver salt is prepared by adding a solution of silver nitote to a 
solution of the ammonium salt. It is then carefully purified and 
dried. A known weight of the dry silver salt is next gradually heated 
redness in a porcelain crucible by which the organic master is 
burnt off and pure metallic silver is left behind which, is weighed. 

Example. 0-30 gram of the silver salt of a monobasic acid gave 
0*1643 gram of Ag ; calculate the molecular weight ; Ag = 107*88. 

The percentage of silver = ~ 5477 i hence the 
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|)erceiitage of the organic component = loo — 5477 = 45*23^ and the 
amount combined with one gram atom of silver = 45*23^ 


=« %•!. Now since the acid is monobasic one atoin of hydrogen must 
have been replaced by one atom of Ag, and therefore the molecular 
weight of the acid = 891 + i = 90*1. 


By Platinum Salts. — The method is applicable to organic 
such as amines, alkaloids, etc., which pve sparingly soluble 
double salts with platinic chloride and whose acidity is known. These 
^ts, known as platinichlorides or chloroplatinates, have the general 
formula fB.HClJjPtCl^ where B is a monacid bcise, and B.2HCI. 
PlCl^ where B is a diacid one. 


The platinic chloride of the ^se is prepared by treating a soluble 
salt of the base with a solution 01 platinic chloride. The precipitated 
salt is carefully washed and dried. A known weight of the chy salt 
Is then carefully ignited in a porcelain crucible and the residue of 
pure platinum weighed. 


Example- 0*2493 gram of the platinic chloride of a diacidybase 
gave 0*0635 g, of Pt as residue ; calculate the molecular weight ; 
Pt = 195*2. The mol. wt. of the platinic chloride, B.HjFtCl* 

= — - = 766*3. Subtracting the weight of H^PtClj (409*9). 

the molecular weight of the base B = 766*3 — 4091*9 = 356*4. 



CHAPTER IV 

STRUCTURE OF ORGANIC COMPOUNDS 

The formation of innumerable organic Compounds con- 
tammg only a limited number of elements depends, as has 
been mentioned earlier, upon the tetravalency of the carbon 
atom and the power of the carbon atom to c^bine with 
each other to form long chains or rings. 

The four valencies of the carbon atom are distributed 
symmetrically in space and that is best 
visualized by assuming (see Chapt. 15) 
that the carbon atom occupies the centre 
of a regular tetrahedron while the four 
valencies are directed towards its four 
corners (Fig. 19). For simplicity, how- 
ever, the valencies are represented by p 
short lines or dots irrespective of the - 

directions of the valencies in space. Thus the simplest com- 
pound of C and H, methane CH„ is repre^nted bv 

H 

■ I H 

or H.C.H since the valency of C is 4 and that of 
H 



H 


I 


H IS I. The compound with 2 atoms of C, ethane C^H,, 
H H 

I I H' H 

is represented by H— O-C— H or H.C.C.H or CH,.CH„ 
H H 

the compound with 3 atoms of C, propane by 

w H H H 

^ I T' I hhh . : ■ 

or H.e.C.C.H or CH^.CHa.CH,, and the 

' I I ■ HHH ' 

H H H ^ 

compound with 4 atoms of C, butane by 
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^ H H H H 


H H H H 


H H H H 
or H . C . C . C . C . H 
H H H H 


or CH3.CH2.CHa.CH3, and so on. 

The elaborate formulse showing the individual valencies 
by hues or dots are known as graphic formulce or constitu- 
aonal formula. 

We have seen that we can get a loi^ series of com- 
pounds of C and H with an open chain. These compounds 
of C and H, known hydrocarbons, are called saturated 
hydrocarbons since the valerxies of the C atoms are all 
saturated or satisfied. We observe another interesting 
lelationship between the above hydrocarbons. We see that 
each compound differs from the previous member by a 
constant group of atoms, viz., CH^, and we expect this 
difference from the valency of C itself. They can be repre- 
sented by the general formula CuHo .2 and the physical 
properties of the members show a regular gradation. Thus 
the boiling point or density is found to rise gradually with 
increase in the number of C atoms and so on. A series of 
compounds like this, belonging to the same chemical group, 
differing from each other by the same group of atoms and 
showing a regular gradation of physical properties, is known 
as a homologous series (Gk. homos — same, logos — relation) 
and the individual members are known as ho?nologues. 

Similar homologous series are met with amongst many 
other classes of carbon compounds such as alcohols, aide-, 
hydes, ^ acids, esters, etc. The similarity of chemical 
properties and the gradation of physical properties in these 
homologous series introduce more system in organic chemistry 
and make its study easier. 

When we deal with higher hydrocarbons we observe 
another interesting phenomenon. Thus butane the 

'^jpmpound with 4 atoms of C, can be arranged in two different 


CHs 

■ • I 

ways CH3-~CH,— CH.—CH, and CH,— The 
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former with an lyiBranched chain is known as normal hntsinei 
and the latter with a branched chain as /sabutaqe. These 
compounds, which have the same percentage composition 
the same molecular weight but different physical proper- 
ties and structual formulae, are known ds isomers (Gk. isos ^ 
equal, meros — ^part). When we come to the next h.gher 

hydrocarbon, pentane we get three isomers, 

normal pentane CH^— Cfi2---CH2 — isopentane 

CH3 CH3 

I ^ - I 

CH3 — CH — CH2 — CH3 and tertiary pentape CH^ — C— 

CH3 

The number of isomers goes on increasing with the number 
of C atoms, and we theoretically expect' 5 hexanes, 
heptanes, and so on. 

In certain special cases, two isomers may be readily 
convertible into each other, usually due to the presence of a 
mobile, hydrogen atom in the molecule. This kind of iso- 
merism is known as tautomerism {tautos — same, meros — 
part) and the two forms are known as tautomers. Since the 
two forms usually exist together in a state of dynamic 
equilibrium, they afe also known as dynamic isomers and 
the isomerism spoken of as dynamic isomerism. Thus 
ethyl-acetoacetate is known to possess the keto form 
CH3.CO.CH3COOC2H5 and the c;»o/,/forni 
CH3.C(0H) ;CH.C00C2H5 (see Chapt. 15). Again hydro- 
cyanic acid is found ' to exist in the isomeric lorms 
H.CiNandH.N C. the former giving rise to pdtriles and 
the latter to isonitriles (see Chapt. 19) . 

We have seen that the structural formula for methane is 
CH4. When treated with iodine it gives methyl iodide 
CH3I, and if CH3I is treated with an alkali hydroxide it 
giy^s methyl alcohol CH3OH. Again two molecules, of 
CII3I when treated with metallic sodium combine with each 
other to give ethane CH3.CH3. Similarly, ethane CjHj 
gives rise to the. series of compounds C^HJ, CgHgOH, 
GoH^. C0H3, an4 so on. We thus observe th^t groups of 
atoms like CH^, etc., behave like single atoms and 

pasi^ unchanged. from one compound to another. Thdse 
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atomic groups are known as radicals or rg,dicles (radu^ 
r^t)i The monovalent hydrocarbon radicals methyl 
GH,—, ethyl C^Hj— . propyl CjH,—, butyl C H, . 

G H _ etc., are knOAvn as alkyl rascals or alkyl groups. 
We ^ ’come across various types of ra<hcals as we proce^ 
with the study of organic chemistry, and we sh^ find that 
the properties of a organic con^pound depend upon tbe 
properties of the various radicals present m the moleci^. 
Some of the common radicals met with in orgaiuc chemistry 
are as foUows, the short lines indicating th^valencie^ 
-^H (hydroxyl); —COOH (carboi^l); ^HO (ald^ 
hyde): — (amino); =NH (immo), =CO (carbonyl), 
-^O.CH, (acetyl); —NO, (nitro); — CN (cyanogen), 
etc. Some of the radicals found amongst the group of com- 
pounds known as aromatic compounds are as fdlow^— 
C.Hj— (phenyl); CjHj.CHj— (benzyl); CeHs-CO 
(benzoyl); C.H,.CH= (benzal); -N=N-(azo), etc. 


ELECTRONIC THEORY OF VALENCY 

' Atoms and Valency Electrons.— —According to the 
Mectronic theory an atom is an electrically neutral system 
and consists of some units of positive charges kno^ as 
^otons and an equal number of units of negative ^arges 
mown as electrons. The protons are coT^Md to the nu- 
cleus of the atom and the electrons are distnbuted on the 
■surface of imaginary spheres or shells surroundmg the nu- 
cleus. The nucleus of an atom also contams a certam 
number of neutral bodies or neutrons which vary uot_ony 
.in individual elements but in the individual atoms of the 
:same element, for example, the nucleus of hydrogen atoms 
!may contain p to 2 neutrons and the nucleus of cluorme 
atoms 17 to 20 -neutrons and so on. The vanabon in me 
tpumber of neufrqns in the nucleus of atoms of a parhcplat 
eleinent is responsible for the phenomenon^ of isotofy. ^ I 
fe'therefo/e evident that a nucleus containmg only protima 
'and neutrpns always possesses a certain amount of positive 
icharge Which is neutralised by the same amount of negative 
charge of the electrons situated outside the nucleus. 
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The mass of an atom depends upon the number of 
protons and neutrons contained in the nucleus since a proton 
is about 1950 times heavier than an electron and a neutron 
has got a mass equal to that of a proton. The amount of 
positive charge or in other words the number of protons m 
the nucleus or the number of electrons in the shells is known 
as the atomic numb^ of the element. 

As the number of protons or electrons increases with 
the increasing atomic number of the elements, more and 
more of these shells or layers of electrons are formed round 
the nucleus. In hydrogen there is one shell containing only 
one electron and there is only one proton in the nucleus. 
In helium there is also one shell but it contains two electrons. 
In lithium there are 3 electrons, but they are not situated in 
one shell, two of them forming the first shell and the third 
one forming the second shell. It is stated that the first shell 
never contains more than two electrons which form what 
is called a 'duplet.' In the second shell the number of 
electrons varies from one to the maximum of eight (or 'octet'- 
as it is termed) . In the third shell the number may go up 
to 18 and in the fourth it may be as many as 32. 

In incomplete shells, f.e., the shells in which the number 
of electrons is less than eight, the electrons are held in a less 
stable condition than those forming part of a complete shell 
or octet. These unstable electrons are more mobile and free 
to move to some other atom to bring about a ohemical union 
of the atoms concerned. It is these mobile electrons which 
determine the valency of the atom and are, therefore, known 
as valency electrons^ The table on p. 34 gives an idea of 
the distribution of electrons in the atoms of some common 
elements.. 

It v^Il be seen in the following table that the shells of 
helium, neon and argon are complete and they possess no 
mobile or vqlency electrons and as such they are inert, 
incapable of entering into chemical combination with other 
elements. Lithium, sodium and potassium on the other hand 
pipssess one each,.^carbon contains four, nitrogen five, oxygen 
six and chlorine seven valency electrons. 

When an atom gives up an electron, it becomes an iOh charged 
fvith one unit of positive electricity (electro-positive ion) whereas 
3 
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4 

4 
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Boron 

11,10 

5 

6 

2 
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Carbon 

12.13 

6 

6 

2 

4 




Nitrogen 

14,16 

7 

7 

2 

5 




Oxygen 

16,18.17 

8 

8 

2 

6 




Fluorine 

19 

9 

9 

2 

7 




Neon 

20,21,22.23 

10 

10 

2 

8 

0 



Sodium 

28 

11 

11 

2 

8 

1 


... 

Magnesium 

24,26.20 

12 

12 

2 

8 

2 


... ^ 

Phosphorus 

31 

15 

16 

2 

8 

6 



Sulphur 

32.83,34 

16 
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2 

8 

fl 



Chlorine 

1 85,37 

17 

17 

2 

8 

7 



Argon 

40,36 

18 

18 

2 

8 

8 
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Potassium 
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19 

19 

2 
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8 
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Iron 

66.64 

23 

26 

2 

8 

14 
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Arsenic 

76 

33 

83 

2 

8 

18 
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Platinum 

195 

78 

7.8 

2 

8 

18 

S2 

16,2 

Mercury 

202,200 A; 
seven others 

80 

80 

2 

8 

18 

32 

18,2 

Lead 

208,200,207 & 
five others 

82 

82 

2 

8 

18 

82 

18,4 

Cranium 

238,286 A 
seven others 

92 

92 

2 

8 

18 

32 

18,12,2 


when the atom gains an electron, it becomes an ion charged with 
one unit of negative electricity (electro-negcktive ion). When there 
are only a few electrons in the incomplete or outer shell, as for 
example, in H, Li, Mg, K, etc., (having one or two electrons), the 
atom tends to give up its electrons to other atoms while in the ^e 
of ^elements with a nearly complete outer shell [e-g., oxygen with 
6 , or chlorine with 7 electrons in the outer shell'), the a^m takes 
up electrons from other atoms. It may, therefore, be stat^ that the 
electro-positive chamcter of an element depends upon its capacity to 
lose electrons and the electro-negative chara9ter on its power to gain 
electrons. Thus Na, Li, etc.^ with one valency electron which 
readil]y given up by the atom, are strongly electro-positive and behave 
as monovalent elements whereas F, Cl, etc., having seven valency 
electrons in ea^h and thus having accommodation for x>ne additional 
electron to complete the outer shelly have a strong tendency to take 
op an electron and are, therefore, strongly elecrio-negative monch 
valejjt elements; 

Similarly calcium having 2 valency electrons to spare 
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is electro-positive or oxygen with accommodation for two 
additional electrons is electro-negative and both are divalent 
elements. 

If an element gives up its valency electrons in entering 
into chemical union with another element, it is termed to 
possess positive valency and if an element takes up electrons 
from another element and becomes electro-negative, it is 
distinguished as possessing negative valency. Thus the 
negative valency of F or Cl is one, its atom with seven 
valency electrons tends to complete the octet by taking up 
only one electron, but since it has seven electrons which it 
might give up, its positive valency will Ipe seven. Similarly, 
the positive valency of Li or Na is one and as it can 
accommodate seven electrons to complete the octet, if will 
have a negative valency of seven and so on. In these' 
extreme cases, the tendency in one direction is very much 
stronger than in the other direction and that is why 
compounds of lithium Rowing hepta valent negative character 
or of flourine showing hepta valent positive character are not 
known. 

In ca§es of elements not occupying extreme ”positions as 
stated above, we find chemical compounds in which the 
elements exhibit both these positive and negative characters. 
For example, carbon with four valency electrons is capable 
of combining with four atoms of hydrogen to fprm the 
compound CH^ in which carbon behaves as a tetra valent 
negative element, while in the case of CCI4 it exhibits its 
tetravalent positive character. In accordance with this 
theory, every element, therefore, possesses two valencies, a 
positive valency and a negative valency, and the sum of 
these is equal to eight. 

Chemical comhinaUon between two dements — It has 
been stated before that chemical combination between two 
atoms takes plaqe through the agency of valency electrons. 
An atom of chlorine having space for only^one extra electron 
in its outer shell, is believed to link up with an atom such 
as sodium, which has only one electron to* give. Similarly, 
art atom of oxygen with six valency electrons in its outer 
shell can link up with two atoms, each of which has only 
one valency electron, viz., H^O or NhjO. It is, tfierefore. 
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evid^t that atoms tend to link up with other atoms in such 
a way that they may be surrounded with stable or complete 
shells— an octet or a duplet as the case may be. 

There are three main types of inter-atomic linkage or 
union: — , ^ 

(1) Electro-valent or ionizable linkage or polar bond. 

(2) Covalent or non-ionizable linkage or non-polar bond. 

(3) Co-ordinate linkage, or semipolar bond. 

(i) Electro-valent linkage. — This type of union is 
brought about by transference of electrons from one atom 
to another and is characteristic of compounds which are 
electrolytes, i.e., compounds which ionize on solution. As 
an example of this kind of union, the combination of sodium 
and chlorine may be mentioned. Here the atom of sodium 
transfers its only valency electron from its outer shell (3rd' 
shell) to the chlorine atom having 7 valency electrons. In 
this transaction the sodium atom becomes a positively 
charged sodium ion, with its 3rd shell disappearing and 
leaving the and shell (an octet) to indicate its stable struc- 
ture. On the other hand, the chlorine atom after gaining an 
electron from the sodium atom becomes a negatively charged 
chlorine ion with its unstable outer shell converted into a 
stable octet. The two ions of Na and Cl are held together 
by electrostatic forces which weaken in solution and the 4 ons- 
separate. 

The above reactions are represented by the following 
diagrams — 



Na atom. 
2nd shell-^ 
octet, 

3rd shell inf 
complete, 
having one 
electron.'' 


^ .Cl atom. 
2nd shell — 
an octet, 

3rd shell in- 
complete, 
having 7 
electrons. 


Na ion. 
2nd shell— 
an octet, 

3rd shell dis- 
appears. 



Cl ion. - 
3rd shell 
becomes 
complete— 
an octet. 
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It is customary to represeat the linkage by showing the 
valency electrons only in the following manner — 


Na + 

ci: -> 

- iNa)^ 



Na atom 

Cl atom 

Nation 

P"ion 


2 Na + 

•s’ 

- [Na]^ 

[:S;]-- 

[Na]^ 

Na atom 

S atom 

Nation 

S“ion 

NaTon 

Carbon does not ordinarily give up 

or take up 

electrons 


in the above manner and. does not, therefore, ^ve rise to 
ionizable compounds. In organic chemistry this type of 
linkage' is confined to acids, bases and salts, that is, those 
which ionize on solution. 

(^) G)valent linkage. — In this type there is no 
transference of any electron from one atom to the other, but 
the union is formed by the sharing of pairs of electrons 
between the two atoms concerned each of which provides one 
electron to the pain and each pair contributes towards the 
stability of both the combining atoms by bringing them to the 
level of the nearest inert element having the stable shell of a 
duplet or an octet. The products of this type of union are 
non-ionizable molecules and are most common amongst 
Organic compounds. The simplest example of such u union 
k the formation of the hydrogen molecule in which the two 
hydrogen atoms share a pair of electrons betweeen them and 
form a stable shell of two electrons, a duplet (helium t}^), 
around the hydrogen atoms. 

Methane, CH^, for instance, is formed by the sharing of 
a pair of electrons by each hydrogen atom with the carbon 
atom thus completing the stable shell of eight electrons, an 
octet of neon t3^e (vide table, p. 34) around the carbon atom 
and stable shells of two electrons (helium type,) around the 
hy(^ogen atoms. Similarly, CCI4 is formed by the sharing of 
a pair of electrons by each chlorine atom with the carbon 
atom and stable shells of octets are thus formed around each 
of the combining atoms. The above unions are represented 
below diagramatically by showing only the outer or valency 
electrons and indicating their source by a cross (x), a dot 
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(•) or a circle e.g., x for hydrogen, fluorine, chlorine 
mettyl, • for carbon and nitrogen and ' for oxygen and 
boron electrons. It may, however, be noted that the elect- 
rons are not static and do not occupy particular positions in 
me atom as shown in the diagrams but they are believed to 
be^m a state of rapid motion. The shared electrons have 
been shown by placing them between two contributing 
atoms ; — • ^ 

Hydrogen molecule— H” + H* jj j jf 
Carbon teliachioride, CC)« 


• ** 
•C*+ 4 XC 15 


nn 

sera 

XX **" X* 

xCis c?. fii; 


Methane, CH, 


•C« + 4 lf- 


.H 

n icfH 

H 


Electronic formulae of some otfier organic 
compounds* 

Methyl dcohol — 


H-C-OH 


H 


Ethylene — 

H-C=C-H 
I I 

H H. 


II*CS*C*fl or 


HSC|Ci» 

H if 


Acetylene 


'HJc58?c;h OP H5c|c?ft 


H-C=C-H 
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m 


Benzene— 

H 

C 

H-C C-H 

\.// 

c 

I 

H 

Acetic Acid — 
H 

H-C-C-OH 
' II 

H 0 


HfC 

• ••• 

HtC' 

• c* 

• r o 

lb 

V • 


C*H 

CfH 


H 


oc- 


HjCjCgO’OH 

•x •• 00 


H rft. 


80^ 


As acetic acid is an electrolyte and ionizes on solution 
intf rH COO and H ions, it may also be represented m 
the following manner in which electrovalency P “ 
impSLt role, the umon of carbon atoms with H and O 
•rr rTT coo ion being effected by the method or 
S.v2enuSLgMnon-polar bLd) as described above, whde 
the HMon being formed by electrovalent | 

bond. Here the electron of the hydrogen atom of CWH is 
transferred to the oxygen atom to produce the stab e o f 
Imund the latter, and hydrogen being thus deprived of xte 
negative charge becomes a positively charged ion and is held 
in combinaion with the negative ion CHjCO by 
electrostatic attraction. " ^ 


CHs COOH CHs CbO- + H^ 


H 

0 0^ 

H^CJCSO? 

• x •• oo 


H /PO 

■ gog 


iC 


An alkyl radical possesses one unshared valency electron 
and is therefore equivalent to a hydrogen atom. Methyl 
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ra^ral, tor example, may be shown in the foUowing 


H 

Methane 


H 

• x 

w; c# 

><• 

n 


Methyl radical 

tSSLTot” I'nr 

‘lone pair’ to foim^ tte 
examples of ‘lone mir’ of 

SereTs o^e pal^wLtt^lo 

& irraHB rrF-'“* 

havine failed tn •!. donor on account of 

Tts paftier, as t T the electrons from 

electropositive and ^he arrent^ covalent linkage, becomes 
This l^d of linkage^ electro-negative 

pts t " 

double bond' since^it anneSf 'semi-polar 
perties Of covalence and eIecttov?]?nJ " "«”’t>ined pro- 

(«) Water Ammonia 
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HJ 


(Hi) ' ' 

A ; -li .. 

®^ 5 .G=«N:. 8:r), 

n y r w 

XX 


(iv) 


H 


H 

I 

or H-N 


i 


+ 


F 

I 

B-F 

I 

F 


or NHs-^BFa 
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CH, 


X9 OO 

CHjxNJ + Og = CHjjNjOg 

OO X# OO 

CH, 


CH, 

Trimethylamine 


CH 3 \- 
or CHa-N 
CH3/ 


Trimethylamine oxide 

CH,\+ _ 

“>■ CH 3 — N— O 
C'Hg/ 


Nitro compounds, isocyanides, etc., are also important 
examples of co-ordinate linkage: ^ 


Nitro Compounds, d.g., R. NO^ 
RxN 2 gO§ or R-N-O 


0770 

oMp 


OO 


I 

O 


4 - 

or R-N=0 


In this molecule, one of the oxygen atoms and the 
nitrogen atom share two pairs of electrons which are 
contributed equally by both the atoms but the other oxygen 
atom and the nitrogen share one pair of electrons which 
are contributed entirely by the nitrogen atom, which, 
theretore, behaves as a donor towards the second oxygen, 
atom but not towards the first, and as such the arrow 
indicates the donor; the electropositive character of which is 
depicted by the + sign and the electronegative character 
of the acceptor iS indicated by- sign. 
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ISO-Hydrocyanic acid: — 

• 

H;n::§C 8 orHSNicg 

o 
o 

\ In this molecule, nitrogen and carbon share 3 pairs of 
^ctrons of which two pairs are contributed by nitrogen and 
only one pair by carbon. The nitrogen atom, therefore, 
acquires electropositive character while the carbon atom 
becomes electronegative. 

In the case of hydrocyanic acid, C and N also share 3 
pairs of electrons, but they contribute half and half and 
none of them, therefore, behaves as a donor or an acceptor. 
Thus, 


+ 

or H-N ^ C 


HJCooo^ 




or HjCjN 


O ^ 

o 


o 

o 


From what has been discussed in the foregoing pages,, 
it is evident that the ordinary structural formulae of organic 
compounds may be converted into electronic formulse by 
replacing one single non-ionizing bond by a pair of shared 
electrons, each ionizing bond by the transfer of an electron,, 
and each double bond by four shared electrons (except in 
cases of co-ordinate linkage). 

, It may, however, be stated that the octet rule does not 
apply to elements beyond the first three periods, and in 
spme cases not even to these elements. For example, the 
formation of SF^ can only be explained by assuming that 

'S is surrounded by 12 electrons (:S+ 6 F:)- Similarly, 
in the compounds BF3, BCI3, etc., B is surrounded by 6 
electrons fB + 3'Cl :) and not by a complete octet. They 
are stable compounds and thus form exceptions to the rule* 



PART II 

ALIPHATIC COMPOUNDS 

CHAPTER V 

SATURATED HYDROCARBONS 

The saturated hydrocarbons described in this chapter 
are known as hydrocarbons of the methane series. The 
name '"methane series'' is derived from the fact that the 
first member of this series is called 'methane'. ^ 

They are also known as paraffin hydrocarbons or 
simply paraffins (parum-little , affims-a.ffi.nlty), since they'^are 
veiy stable and inert substances and are not easily acted 
upon by common chemical reagents. They form the follow- 
ing homologous series with the general formula ‘'Cn Hon+x 
and are designated with the suffix *ane' ; thus: 

CH4 Methane Decane 

CjHj Ethane etc., etc,, 

CaHg Propane Pentadecane 

Butane Hexadecane 

C5H,, Pentane etc., etc., 

Tlexane Eicosane 

CflHij Heptane Heneicosane 

CgHis Octane etc#, etc., 

C9H20 No6ane Pentacosone 

etc. , etc . , 

Starting from methane (b.p. -i64‘“C), the lo\«est 
member of the series, they are gases at the ordinary 
temperature up to 4 C atoms (butane, b.p. +i''C). The 
members from 5 C atoms (pentane, b.p. + 36X) to 16 C 
atoms (hexadecane, m.p. + i 8 °C) are liquids, while members 
above 16 C atoms are solids. 

Occurrence and Natural Formation. — The lower 
(members, especially methane, occur in marshy places, in coal 
seams and in gases from petroleum wells, bemg known as 


CjpHgj Triacontane 

Hentriacontane 
etc,, etc., 

CjjHyj Pentatriacontane 
etc., etc., 

C/oHj 23 Hexacontane . 
etc., etc., 

E»4 H^9o Is the heaviest 
paraffin known 
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natural gas. Various higher members are found in crude 
petroleum. 

Two theories are prevalent as to the origin of petroleum 
in nature: (i) According to Engler it is produced by the 
decomposition of the fossil remains of aniinal and vegetable 
matters at very high temperatures and pressures within the 
interior of the earth, and (2) according to Mendel6eff itjs 
produced by the action of steam upon metallic carbides 
formed in the deeper strata of the earth. The fact that most 
of the specimens of petroleum cqntain small amounts of 
organic compounds having nitrogen and sulphur and that 
they show a slight optical activi^ seem to support the 
former theoiy. 

Petroleum, Rock Oil Mineral Oil Petroleum (Gk. 
petra-vock, oleum — oil) occurs in Pennsylvania (U.S.A.), 
Mexico, Venezuela (South America), Canada, Caspian Sea 
district (Southern Russia), Galicia, Roumania, Iraq, Iran, 
Japan, Burma and Borneo. In India it is found in Digboi 
(Assam), Sylhet (E. Bengal) and in Khaur near Rawalpindi 
(W. Punjab). More than 60 per cent of the world produc- 
tion is from U.S.A., about 10 per cent from Venezuela, about ' 
10 per cent from Russia; and about 5 per cent from Iran and 
Iraq. ^ The oil-bearing stratum is tapped by deep boring, 
sometimes to a depth of more than 10,000 ft. There is first 
of all an escaf)e of gases containing the lower hydrocarbons 
like methane, ethane, etc., followed by crude petroleum 
which comes out as a brownish looking, viscid, fluorescent 
liquid with a disagreeable smell.. This is generally carried 
by long iron pipes to some convenient place, generally a sea- 
coast, where the crude oil is refined before export. 

Petroleum consists principally of saturated hydrocarbons 
but the composition of the oil varies greatly with the natural 
soiree. Thus the nil from Pennsylvania consists mostly of 
hydrocarbons of ' the methane series lAo ^ 2 whereas 
Russian petroleum is found to be rich in hydrocarbons of the 
nap^hene series On Han , which are cyclic poljanethylenes 
such as cyclopentane, cyclohexane, etc. Petroleum also 
contains smalf amounts of unsaturated hydrocarbons such as 
olefin^ and acetylenes or aromatic hydrocarbons as in 
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Borneo oil and smaller amounts of organic compounds con- 
taining niirogen md sulphur. 

The crude oil is first separated into three principal 
fractions by distillation in large iron stills; (i) benzine or 
petroleum naphtha, b.p. up to 150 ""C, (2) kerosene or 
illuminating oil, b.p. 150'’ — 30o^C, and (3) residuum in the 
still, b.p. above 30O°C. These fractions are purified by 
che)n:cal treatment vvith concentrated sulphuric add to 
remove unsaturated hydrocarbons and nitrogenous bases^ 
w,th causUc alkalies to remove acid bodies and then with a 
solution of litharge in NaOH to remove sulphur compounds 
and finally distilled fractionally. 

The different fractions of benzine or petroleum naphtha 
are given different trade names. In the American oil' the 
first fraction, technically known as cy mo gene and rhigolene 
(b.p. up to 30X; sp. gr. 0-64), which consists mai^y of 
butane and pentane, is used for refrigeration and also 
for local anaesthesia by freezing. The second fraction 
(b.p. 30°-7oX; sp. gr. 0‘65) known as pdroleum 

ether or light petroleum consisting mainly of pentane? 
and hexane, is used as a solvent for fats and oils. 
A fraction of petroleum ether suitable for use in India and 
other tropical countries can be made by redistilling the 
commercial petroleum ether and collecting the fraction 
between 40°— 6o®C. The third fraction (b.p. 70° -120*^ C; 
sp. gr. 0 72, known as petrol, ligroin or gasolint, consisting 
mainly of hexane, heptane and octane, is used as motor 
spirit, the fuel for motor cars and aeroplanes, and also for 
the dry cleaning of clothes. The next fraction (b.p. 
I20°-I50°C; sp. g. 0-76), known as petroleum benzine or 
benzoline, consisting mainly of octane and nonane, is used 
as a solvent and for diy cleaning. {N.B. The benzine from 
petroleum, which consists of a mixture of open chain hydro-- 
cjarbons, should not be confused with the pure aromatic 
hydrocarbon be we having a ring structure and obtained 
mainly from coal tar). 

The second fraction obtained from erude petroleum 
yields kerosene or illuminating oil. It is carefully purified 
by washing with concentrated sulphuric acid, dilute caustic 
pcMa/ etc., and then distilled, the fraction boiling between 
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150** being collected. The American oil consists 

of a mixture of open chain saturated hydrocarbons cont^- 
ing 10 to 18 carbon atoms, and is used as an illuininant in 
lamp)s, as fuel, as larvicide and as a solvent or diluent for 
insecticides like p3a^thrum, D.D.T., etc. 

Kerosene used for illuminating purposes should not 
contain any volatile fractions which may form an explosive 
mixture with the air inside the oilpot of a lamp causing 
accidents. The standard for these oils is fixed by the 
fiash-point which is defined as the minimum temperature at 
which a sample of petroleum yields inflammable vapour which 
will produce a momentary flash when tested with a standard 
hame in a special apparariis known as the Abel's apparatus. 
In the AheVs Flash-point Apparatus, the oil is kept in a 
small covered metal cup which is slowly heated up in a water 
jacket. There is a slit in the cover of the cup which is opened 
from time to time by an automatic device and a small flame 
is also automatically introduced near the slit. When the 
flash-point is reached the vapour ignites with a small explo- 
sion which puts out the flame and the temperature of the oil 
is noted. The flash-point adopted for Great Britain is 73 °F 
(22-8^). In warmer climates, the flash-points should 
naturally be higher. In India the flash point taken is 76 °F 
for petrol and other dangerous petroleum and 95 ""F for 
kerosene. 

The residue in the still after the distillation of crude 
petroleum up to 300® still contains valuable products such 
as liquid paraffin, lubricating oils, vaseline, paraffin wax, etc. 
This is distilled in vacuum and the various products are 
decolorized by passing through charcoal filters. The B.P. 
liqiiid Paraffin is a colourless, odourless and tasteless liquid 
consisting of a mixture of hydrocarbons (sp. gr. 0880 to 
0 895 at t5-5Vi 5*5"C) and is used in medicine as a mild 
laxative. The fraietion above 300°, known as lubricating oil, 
is used as oil fuel in Diesel engines, as batching oil in jute 
imlls atid as lubricants for machiriery. Vaseline or petroleum 
(m.p. 3^y-45'C) is foimd either as a colourless or a 
yellowish sem^-solid mass, and is used as a lubricant and in 
ffie preparation of various medicinal ointments. Paraffin wax 
is used in candle-making and in histological vvbrk for 
preparing sections of tissues. In B.P./ it is known iri two 
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forms, soft paraffin, m.p. 40''- 46^0, and hard paraffin 
m.p. ,50°-6 o'’C. Paraffin wax, which is a mixture, of 
saturated hydrocarbons having a high niolecular weight* 
should not be confused with genuine waxes^ as bees- 
wax, which are esters of higher alcohols and higher fatty 
acids (see p. I 71 )* Ozokerite is a solid paraffin resembling 
paraffin wax in composition and properties and occurs 
naturally in Galicia, its purified quality being known as 
ceresim, ' 

Shale Oil. — A kind of soft bituminous clayey rock or 
shale, occurring in Scotland, New South Wales, Tasmania 
and other places, is found to yield when distilled large quan- 
tities of oil containing products similar to those derived from 
petroleum together with inflammable gases, ammonia liquor 
and tar. These shales are probably the residues of fossil 
fish and other marine organisms. 

Cracking of Petroleum. — This is a process by which 
high boiling fractions of petroleum are converted into low 
boiling products of lower molecular weight. ' The vapour 
IS led through special chambers at a high temperature and 
pressure in presence of a catalyst. The so-called 'fluid 
catalyst' generally refers to a powdered aluminium silicate 
which is carried along with the vaphrized hydrocarbons 
through the reaction chamber. It is recovered, reactivated ^ 
and returned to the process. / 

By the cracking of kerosene in thick- walled red hot iron 
retorts, gaseous saturated and unsaturated hydrocarbons are 
produced which are employed as a substitute for coal gas 
for use in laboratories in smaller towns where there is no 
gas supply. 

1?he cracking of petroleum not only helps to increase 
the yield of the proper quality of motor fuel, known as gaso- 
line j; petrol, or motor spirit, but also yields various products 
of economic value by varying the temperature, pressure and 
catalyst. One may thus obtain dthylene CH2:CHj, used 
in preparing ethyl alcohol, acetic acid, ethyl chloride, lead 
tetraethyl, etc.: -^propene CH3.CH:CH2, used in pre^ 
paring isopropyl alcohol, acetone, glycerol, etc.; butane 
OHg.CHg.CHrCHa used to prepare butadiene from which 
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Buna type of S3mthetit rubber is made ; iso-octane used in 
motor fuel; etc, ; isobutylene, which is me starting material 
for butyl rubber ; aromatic hydrocarbons, such as toluene 
.C^Ha-CHg, which is the source of drugs, dyes and explo- 
sives; and so on. 

Octane^ Number. — In the preparation of motor fuel, care is 
taken that the petrol does not cause sudden and violent detonation, 
known as knocking, in internal combustion engines, especially when 
it is to be used for aviation. Normal heptane knocks 

very badly and is stated to have an octane number of 0, while iso- 
octane (2: a: 4-trimethyl pentane) CHj.CHCCHj'). CHa.C(CH3)a.CH^ 
which does not cause any knocking, is stated to possess an octane 
number of 100. The gasoline prepared by the cracking of petroleum 
is tested for its anti-knocking properties and the fuel used for 
aviation purposes must have an octane- number near about 100. 

The addition of small amounts of lead tetraethyl Pb(C3Hd^, 
a very toxic compound prepared by the action of ethyl chloride 
upon an alloy of lead and sodium, reduces the knocking properties 
of gasoline. Small quantities of its solution in ethylene dibromide 
are therefore added to motor fuels and gasoline mixed with lead 
tetraethyl is coloured with a dyestuff (for aviation, blue ; for others, 
red) in order to serve as a warning for its high toxicity. 

Nomenclature of Saturated Hydrocarbpns. — As men-» 
tioned in a previous chapter, those hydrocarbons in which 
the carbon atoms form a straight chain are designated with 
the prefix normal {n-) and those with branched chain with 
, the prefix iso-. According to the international system of 
nomenclature, the normal paraffins retain them former names 
and in the case of branched chains the longest normal chain 
decides the name, and the branches are taken as substituents. 

8765 4321 

Thus, CH,^. CH,. CH,. CH,. CH^. CH,. CH,. CH, would be 
called n-octane. 

CHj. CHj. CHj, CH3. CH3. CH, CH, 2-methyl heptane, 

CH,. 

CH,. CHj. CH^. CH. CHj. CH, 3-ethyl hexane, 

CH, CH, 

> \ 

CH,. CH. CHj. C. CH, 2:2: 4-trim^thyl pentane, 

" : , CH,. 

br i^o-oefane, and so on/ 
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Physical and Chemical Properties of Saturated 
Hydrocarbons. — As described before, the lower members 
(methane,, ethane, propane and butane) are gases,‘the inter- 
mediate ones (pentane, hexane, etc.), are liquids and the 
higher members (heptadecane, etc.) are solids. Xhe lower 
members have a faint odour while the higher ones eje almost 
odourless. They are almost insoluble in water but solubh 
in ether. Absolute alcohol dissolves the lower members 
easily but the solubility decreases in the case of solid mem- 
bers with gradual increase of molecular weight. They are 
all lighter than water, the specific gravity varying from 
about 0*4 to about o-8. 

The gases form explosive mixtures with air and the 
liquids are inflammable. They are very inert towards 
chemical reagents. Concentrated sulphuric acid, caustic 
potash, potassium permanganate and even fuming nitric acid* 
and chromic acid have no action in the cold. Chlorine and 
bromine act upon them, especially in the presence of diffused 
sunlight, giving substitution products. They bum in the 
presence of air or oxygen with the formation of carboi^ 
dioxide and water. 


Methane, Marsh Gas, CH^. 

Occurrence . — This gas is formed in nature by the 
bacterial decomposition of organic matter under water and 
issues from marshy places, hence called marsh gas. The 
natural gas from petrolum wells consists mainly of methane. 
It is found in coal mines as pit-gas (fire-damp\ where it 
causes disastrous accidents due to its forming an explosive 
mixture with air. About 6 per cent of methane is necessary 
to produce explosion. The presence of coal dust in air 
accelerates the action and even 3 per cent of methane is 
enough for explosion in the presence of coal dust. A higher 
percentage of methane produces a flash only. The 
coal-gas formed by the destructive distillation of coal 
may contain about 35 to 40 per cent of methane. It is 
also found in the human intestinal gases which may 
contain more than 55 per cent of methane. 
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Synthesis and Preparation — 

(i) By passing a mixture of the vapours of sulphuretted 
hydrogen and carbon disulphide over red-hot copper: 

* CSa -f- 2H jS -I- 8Cu =CH^ -I- 4CusS 


(2) 'By decomposing aluminium carbide with water: 
C3A1, + i2H20=3CH,4-4 A1(0H)3 


(t) By the action of water on magnesium methyl iodide: 

MgCHjI -I- HjO =CH^ -I- Mgl (OH) 

N.B. — Magnesium alkyl halides of the type MgCH,! 
are known as Grignard’s reagents. They have ^he genera 
formula R.MgX, where R is an alkyl radical and X a halogen 
atom. They are formed by the action of a dry alkyl ^hde 
upon magnesium ribbons suspended in dry ether. T e^ 
reagents are very reactive and serve as the startmg materials 
for the synthesis of various typ?s of organic compounds. 

(4) In the laboratory, it can be easily prepared by heat- 
ing an intimate mixture of one part of anhydro^ sodium 
acetate with about four parts of dry soda-lime m a hard 
glass test tube and collecting the gas over water; 

CHjCOONa -1- NaOH = CH^ + Na^CO, 

The methane thus produced is not quite pure and may 
contain appreciable amounts of hydrogen _Rnd ethylene. The 
reaction of heating the Na-salt of an acid is a general one 
and can be used for the preparation of higher members of this 
series, e.g., Na-propionate would yield ethane, and so on. 


(5) Rwre methane can be prepared in the laboratory 
by reducing methyl iodide with zinc-copper Couple and dilute 
alcohol, the latter liberating nascent hydrogen: 

CH3I + 2 H=CH,-(-HI 

This is a general reaction and can be used for the prepara- 
tion of higher hydrocarbons. 

The zinc-copper couple is prepared by treating pure 
granulated zinc with a dilute solution of copper sulphate. 
The zinc, which is covered with a fine depwsit of copper, 
is washed with water and then with alcohol. The zinc- 
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copper couple and some alcohol containing a drop or 
two of dilute sulphuric acid are 
placed in a flask fitted with a drop- 
ping funnel containing methyl iodide 
and with a cylinder funnel con- 
taining some zinc-copper couple 
moistened with alcohol. The methyl 
iodide is added drop by drop and the 
methane produced is collected over 
water (Fig. 20). Any vapour of 
methyl iodide which escapes is de- 
composed by the zinc-copper couple 
in the cylinder funnel. , 

Properties and Reactions — It is a light, colourless and 
odourless gas. It burns with a faintly luminous flame and 
forms an explosive mixture with certain proportions of air 
or oxygen. It is very slightly soluble in water (i litre at 4'' 
dissolves 49 cc. of the gas) but is moderately soluble in 
absolute alcohol. When cooled by liquid air it forms a 
colourless liquid, b. p.— 164°. Methane is a very stable and 
inert gas and is not affected by reagents like concentrated 
nitric acid, fuming sulphuric acid, bromine water, caustic 
potash, or potassium permanganate. In the dark, chlorine 
has no action on methane but in direct sunlight, the follow- 
ing reaction takes place with an explosion: 

CH, + 2 Cl, = C + 4HCI 

In diffused sunlight, there i^ no explosion and the chlorine 
atoms gradually displace the hydrogen atoms of methane 
forming different substitution products ; 

CH, + Cl, CH,C1 -f HCl 

Methyl chloride 
(Monochlorome thane) 

CH,C1 4-Cl, CH,Ch + HCl 

Methylene chloride 
(Dichloromethane) 

CH,C1,+Ch CHCl, + HCl 

Chloroform 
(T richloromethane) 

CHCl, -f Cl, = CCh + HQ 

Carbon tetrachloride 
(T etrachloromethane^ 
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With bromine, but not with iodine, a similar series of 
reactions take place forming methyl bromide CHjBr, methy- 
lene bromide CH3Br3, bromoform CHBrg and carbon 
tetrabromide CBr^. 

Ethane, 'Dimethyl, CH3.CH3. 

Occurrence — In natural gas obtained from petroleum 
wells it may occur to the extent of about 10 per cent. It 
is also found in very small amounts in coal gas. 


Synthesis and Preparation — 

(i) It can be synthesized by heating methyl iodide 
with sodium dissolved in dry ether: 

CHJ+2 Na-fCHJ CH,.CH.-f2NaI 


This general reaction, known as Wurtz Reaction^ shows the 
constitution of methane and can be used for the preparation 
of higher hydrocarbons. 

(2) It can be prepared in the laboratory by heating 
sodium propionate with soda-lime {vide methane) : 

CH3. CH,. COONa+NaOH = CH,. CH,-hNa,CO, 


(3) In the pure state it can be prepared in the labora- 
tory by reducing ethyl iodide with zinc-copper couple exactly 
in the same manner as in the case of methane: 


H = C.H,+HI 


(4) By the electrolysis of potassium acetate or aqueous 
acetic acid under suitable conditions: 


Anode 

CH.COOK CH,COO' 
CH,COOK CH3CCK)' 


Kathode 


+ 2H,0 


C,H.-f2 CO, Ka+a H ,0 

= 2 KOH+H, 

This reaction shows that a fatty acid with n carbon atoms 
gives a hydrocarbon with 2n — 2 carbon atoms. 


Properties and Reactions , — It is a light, colourless and 
odourless gas and bums with a faintly luminous ^ame. With 
air or oxygen it foians ^an explosive mixture. Liquefied 
ethane boils at — 89®. Ethane is practically insoluble in 
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water but is fairly soluble in absolute alcohol. Like methane 
it is not affected by most reagents. In diffuse sunlight 
chlorine acts upon ethane giving substitution products 
such as ethyl chloride CH,.CH,C1, ethylene; , dichloride 
CHjCl.CHjCl, acetylene tetrachloride CHClj.CHCl,, etc. 

Some Higher Saturated Hydrocarbons 

Propane, C^Hg, CH,.CHj.CH, : occurs in crude petroleum ; 
coldurless gas ; b.p. —45* ; sp. gr. 0*515 at 16® ; 100 vols. H^O 
dissolve 6-5 vols. at ly-S* and 753 mm. 

7i-Butane, CH.-GHjCHgCHg : occurs in crude petroleum ; 

colourless gas ; b.p. -f i* ; i vol. H.O dissolves 0-15 vol. at 17* and 
772 mm. 

Isobutane, Trimethyl methane. CH(CHJ, ; occurs in 

Canadian and Roumanian petroleum ; colourless gas ; b.p. — ii’5^ » 

I vol. H,0 dissolves 0-13 vol. at 17* and 772 mm. 

n-Pentane, CH,(CH,).-CH,: occurs in ^American petro- 

leum ; colourless liquid ; b.p. 36® ; sp. gr. 0-6337 at 15*. 

Isopentane, Dimethyl ethyl methane, (CH,)gCH.CH,.CHa : 

occurs in American petroleum ; colourless liquid ; b.p. 30® ; sp. gr. 
0-6251 at I4'4*. 

Tetramethyl methane, CjHj,, C(CHJ4: occurs in Caucasian and 
Roumanian naphtha; colourless liquid ; b.p. 9-5®. 

n-Hexane, CH,(CH,)^.CH, : occurs in American petroleum; 

colourless liquid ; b.p. 69* ; sp. gr. o-66o6 at 20*. 

etc., etc., 

n-Octane‘ C, CH,(CH,),.CH, ; occurs in petroleum; colour- 
less liquid ; b.p. 126® ; sp. gr. 0.7036 at 20*. 

etc., etc. 

Pentacosane, C„H„: occurs in hard paraf&n obtained from 
brown C(‘)al ; colourless solid, m.p. 54*. 



CHAPTER VI 


UNSATURATED HYDROCARBONS 

We have seen that the formula for ethane, a saturated 
hydrocarbon, is CH3. CH, and that it yields ethyl bromide 
CH3. CH^Br by the substitution of one atom of hydrogen by 
bromine. Now, when ethyl bromide is heated with 
alcoholic solution of KOH it acts as follows and yields a 
hydrocarbon with 2 hydrogen atoms less than in ethane: 

CH,. CH^r+KOH = CH^: CH^+KBr+H.O 

Unlike ethane, which mves substitution products, the hydro- 
carbon ethylene thus formed reacts readily with 

chlorine or bromine and ^ves additive compounds such a'^ 
ethylene dichloride CH^CJ.CH^CI or ethylene dibromide 
CH,Br.CH,Br: 

CH,:CH,+C], = CHXI. CHXl 
CH.XH.+Br^ = CH jBrCH^Br 

This property is due to the fact that the valencies of the two- 
carbon atoms are not satisfied, or in other words, ethylene 
is an unsaturated compound. 

Again, if we heat ethylene dibromide with a solution of 
alcoholic potash, the following reaction takes place and 
another hydrocarbon with 2 atoms of hydrogen less than in 
ethylene is formed: 

CH2BrXH2Br4-2KOH = CH; CH -^2KBr-|- 2 HoO 

This hydrocarbon, acetylene CH: CH, reacts like ethylene 
readily with chlorine or bromine giving additive compounds 
and is thus an unsaturated hydrocarbon: 

CH ; CH+zCl, = CHCl,. CHCl, 

CH: CH+2Br, = CHBr^. CHBr, ' 

The unsaturated hydrocarbons contain less hydrogen 
afoms than the corresponding satwated hydrocarbons with 
the ^me number of carbon atoms, and they give additive 



UNSATURATED HYDROCARBONS 


55 


products instead of substiPution products. The state of 
unsaturation is represented by double bond or triple^bond 
between the carbon atoms, the triple bond showing a higher 
degree of unsaturation than the double bond as is clearly 
shown by the action of chlorine upon acetylene and^thylene. 
The graphic representation by double and triple bond between 
carbon atoms should not, therefore, be mistaken as indicating 
added strength but rather as a state of strain accompanied 
by instability and greater reactivity of the carbon atoms. 

This state of strain or tension has been well expressed 
by the strain theory of Baeyer. The four valency bonds of 
a carbon atom may be assumed to be directed towards the 
four comers of a regular tetrahedron, the carbon atom being 
situated in the centre (Fig. 21). 




The valency directions are thus equally distributed in space 
and the angle between two such directions can be calculated 
to be 109° 28'. When the carbon atoms are singly linked 
there is no bending of the valency directions since the carbon 
atoms can rotate freely (Fig. 22a). When, however, there is 
a double bond, the valency directions suffer distortion and 
are thus subjected to a state of strain (Fig 22b). This 
tension is proportional to the degree of distortion and will 
naturally increase with a triple bond (Fig. 22c). As a 
result of this state of strain these unsaturated compounds 
are more unstable and tend to pass into the saturated state, 
and> therefore, show greater chemical reactivity. 

The presence of unsaturation in a compound can be 
demonstrated practically by treating it with (i) a dilute 
(about 01 per cent) aqueous solution of potassium 
permanganate todide slightly alkaline with sodium carbonate, 
the permanganate solution being decolorized, or (2) bromine 
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water, which is readily decolorized. If the substance is 
insoluble in water, it can be dissolved in carbon tetrachloride 
and treated with a dilute solution of bromine in carbon 
tetrachloride. 

There are two important series of unsaturated hydro- 
carbons: (i) the ethylene series, with a double bond, 
forming the following homologous series : 

T^thylene or ethene propylene or propene 

-CH3.CH=:CH2, n-butylene or butene CH3.CH2.CH=CH3, 
n-amylene or pentene CH3.CH2.CH2.CH = CH2, etc. 

Theoretic^ly, methylene CH^ forms the first member of this 
series but it has no free existence. Tts polymeric ring 
compounds, known as polymethylenes or cycloparaffins, do 
exist. Ethylene is also known as olefiant gas (oil-forming 
gas) because it was found to unite with chlorine to form 
'CHjCl. CH2CI, an oily liquid, and the ethylene series is 
therefore 'also known as the olefine series or the olefines. 
The general formula of this homologous series is Cn Han. 
Isomerism is more characteristic in this series than in the 
corresp)onding paraffin series. For example, butylene shows 
the following isomeric forms: 

C.H5.CH = CH3 
CH„CH = CH.CH, 

CH,.C(CH3) = CH,. 

(2) The acetylene series, with a triple bond, forming 
the following homologous series: 

Acetylene or ethine CH = CH, methyl acetylene (allylene) 
or propine CH3.C : CH, ethyl acetylene or butine 
CH3.CH2.C • CH, etc. The general formula of this series 

IS C^iHan-a- 

There may be other types of unsaturated hydrocarbons 
-such, as diolefines having two double bonds, e.g., butadiene 
CH^ = 'CH.CH '*=-■ CHj, or diacetylenes having two triple bonds, 
.e.g. dipropargyl CH* C.CHj.CHjC * CH, or hydrocarbons with 
both double ^.nd triple bonds, e.g., vinyl acetylene, 

: CH.C ;• CH, and so on. 

Nomehclature of Unsaturated Hydrocarbons. — 

According to the international system, the olefines are denoted 
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W the suffix ‘Cne. The double bond is represented by the 
Greek letter delta (z;: ) and the position of the double bond is 
given by the number of the carbon atom from which it begins. 
Thus, CH3.CH=CH.CH2.CH3 will be called a 2-pentene, 
CH3. CH = C — CH. — CH. CH3 will be called 4 : 5-dimethyl- 

aH,CH3CH3 

3-ethyI- a 2-hexene, and so on. Diolefines are denoted by 
the suffix -diem and the compound CH2 = CH.CH = CH, 
would be called / i:3-butadiene. In the case oi acetylenes l 
the international classification adopts the sufix -ine. Thus 
acetylene CH~CH is called ethine, allylene CH3.C^CH'i^ 
called propine, diacetylene CH^ C.C~CH is called 
butadiine, and so on. 

Ethylene, Ethene, Olefiant Gas, C2H^, CH2 = CH2 

Occurrence — It occurs in coal gas to the extent of abouf 
3 per cent by volume and the luminosity of a coal gas flame 
is partly due to this gas. It is found in the natural gas of 
some petroleum wells and also in the gases from coke ovens 
and in wood gas. 

Synthesis and Preparation — 

(1) By dropping ethyl bromide into a boiling strong 
alcoholic solution of caustic potash: 

CH 3 .CH,Br+KOH = CH^ : CH^+KBr+H,0 

(2) By heating an alcoholic solution of ethylene 
dibromide with granulated zinc. 

CH.Br.CH^Br + Zn = CH, : CH. + ZnBr, 

(3) By the action of dehydrating agents like concen- 
trated sulphuric acid or concentrated orthophosphoric acid 
on ethyl alcohol: 

; CH^.CH.OH = CH,:CH,+H,0 . . 

In the case of sulphuric acid, ethyl hydrogen sulphate is 
first formed which at a higher temperature either alone or in 
the presence of sulphuric acid decomposes into ethylene 
liberating the acid: 
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CH,.CH,OH -f H,SO, = CH, .CH3 .HSO^ -f H ,0 
CH,.CHa.HSO* = CH,: CH,+H,SO, 
or, CH*.CH,,HSO,+H,SO, =CH,; CH,+2H3SO, 

In the laboratory, a mixture of ethyl alcohol with about 
six times its weight of concentrated sulphuric acid is taken in 
a round bottomed flask 
containing a little diy 
sand to prevent frothing 
(Fig. 23). The flask is 
provided with - dropping 
funnel containing a mix- 
ture of one part of 
alcohol and two parts of 
concentrated sulphuric 
acid. A thermometer dips 
into the liquid in the flask 
and the delivery tube leads Fig. 23. 

to a series of wash bottles. 

The liquid in the flask is heated over a sand bath to about 
160 X and when a steady stream of gas is evolved the 
mixture in the tap funnel is allowed to fall drop by drop. 
The gas, which may contain as impurities vapours of ethyl 
alcohol and ether, is bubbled through wash bottles containing 
water and concentrated sulphuric acid and then througn a 
concentrated solution of KOH to remove CO2 and SO2 likely 
to be formed during the process and it is finally collected 
over water. 

The impurities formed by the use of cone, sulphuric acid 
such as CO2 and SO3 can be avoided and a purer gas 
obtained by taking syrupy phosphoric acid (a concentrated 
solution of orthophosphoric acid, H3PO4, of sp. gr. 175) 
ill place of cone. H^SO^, and heating the liquid between 
200® — 220X. 

(4) On a targe scale, the above process is modified by 
passing alcohol vapour through heated iron tubes containing 
^mipy phosphoric acid soaked in pumice stone. 

Large* quantities of ethylene are used for the manufac- 
ture of the poison gas known as mustard gas (see p. 133) or 
synthetic drugs like novocaine (pp. 351 — 52). 
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Properties, Reactions and Uses— 

Ethylene is a light, colourless gas with a slight sweetisl^ 
odour. When inhaled it produces anaesthesia and a mixture 
of ethylene with about ten per cent of oxygen is sometimes 
used as an anaesthet'c. It is very slightly soluble in water 
but more readily in alcohol and ether. Liquefied ethylene 
boils at — I 05 °C. Ethylene bums with a blight luminous 
flame and forms an explosive mixture with air or oxygen. 

Being an unsaturated corUpound it shows great reactivity 
and yields various additive compounds. Thus, in presence 
of platinum black as catalyst it combines with hydrogen 
even at room temperature giving ethane: 

Ethylene combines directly with chlorine or bromine (but 
less readily with iodine dissolved in alcohol) to form ethylene 
dichloride [Dutch Liquid) and ethylene dibromide respect- 
ively : 

CH.rCH^+Cl, = CH,a. CHXl 
=CH,Br. CH,Br. 

With halogen acids ethylene gives alkyl halides. It 
combines most readily with HI and least with HCl: 

CH,:CH,+HI = CH 3 .CHJ 

= CH,.CH,Br. 

Concentrated or fuming sulphuric acid absorbs ethylene 
forming ethyl hydrogen sulphate or sulphovinic acid : 

CH,;CH,+H,SO, = CH 3 .CH,.HSO, 

This reaction is utilized for removing unsaturated hydro- 
carbons from saturated ones and even for estimating them. 

Hypochlorous acid ' combines with e'thylene giving 
ethylene chloro hydrin, a colourless liquid used in the pre- 
paration of the local anesthetic novocaine: 

CH,:CH,+H0C1 = CH,Cl.CH,OH 

A dilute acid or alkaline solution of potassium p^imnganate 
is decolorized by ethylene, the latter being oxidized to the 
dihydric alcohol ethylene glycol: 

CH,:CH3+H,0+0 = CH,OH. CH,OH. 
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With ozone ethylene forms an ozonide, the ozone molecule 
being attached at the double bond. These ozonides are easily 
decomposed by dilute acids into aldehydes and HjOj and the 
molecule is broken up at the double bond. A study of the 
decomposition products enables us to determine the position 
of the double bond in the molecule: 

O 

O. /\ H.O 

CH, =XH, CH, ^2H.CH0 + H,0, 

I I 

o — o 

Ethylene is used for ripening green fruits like apples, 
oranges, bananas, fete. Its use in the preparation of mustard 
gas and S5mthetic drugs and also as an anaesthetic has been 
already mentioned. 

Acetylene, Ethine, CjHj, CH=CH 

Occurrence, — It occurs in coal gas to the extent of about* 
0 06 per cent and is formed by the incomplete combustion 
of coal gas. Thus when a Bunsen burner 'strikes back', 
i.e., when the coal gas bums at the base, the issuing gas 
may contain from 06 to 08 per cent of acetylene. 

Synthesis and Preparation^ 

(1) It has been synthesized directly from the elements 
by passing an electric arc between carbon poles in an 
atmosphere of hydrogen: 

2 C 4 -H, = CH : CH 

(2) Pure acetylene can be obtained by heating ethylene 
dibromide with an alcoholic solution of KOH, the reaction 
taking place as follows: 

CH,Br.CH,BrrfKOH = CH,:CHBr+ KBr+H,0 
Vinyl bromide 

CH,:CHBr+KOH = CH j CH+KBr+H,0 

(3) In, the laboratory it is easily prepared by the action 
of water on calcium carbide. The calcium carbide used for 
this purpose is made on a large scale by heating a mixture 
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of coke and lime at a very high temperature in an electric 
furnace and is found as greyish lumps: 

3 C4-CaO = CaCj+CO 

C\ CH 

lli;Ca+2H20 = III + Ca (OH)^ 

C/ CH 

This method of preparation is of special interest since an 
organic compound is being synthesized directly from the 
carbon atom without the intervention of any life process, and 
acetylene can serve as the starting material for many other 
organic compounds of more complex nature. 

A layer of sand is placed at the bottom of a conical flask 
to prevent local heating and cracking of the flask and small 
lumps of calcium carbide are placed over the sand. Water 
is allowed to drop slowly from a tap funnel and the gas 
evolved is passed through a wash bottle and then collected 
over water. The acetylene obtained from calcium carbide 
contains impurities like phosphine, sulphuretted hydrogen 
and ammonia and these are removed by an acidified solution 
of copper sulphate placed in the wash bottle. 

Properties, Reactions and Uses — 

It is a light colourless gas. When pure it has an agree- 
able, slightly ethereal odour but the gas obtained from 
calcium carbide has an unpleasant garlic-like odour due to 
the presence of impurities. Liquefied acetylene is a colourless 
liquid boiling at— 82°C. Water dissolves about the same 
volume of acetylene at i8® and absolute alcohol or glacial’ 
acetic acid dissolves about six volumes of the gas at i8*C. 
One volume of acetone dissolves at 15° about 25 volumes of 
acetylene at one atmospheric pressure and about 300 volumes 
of the gas pt 12 atmospheres. 

Acetylene is an endothernpic substance, i.e,, it is formed 
from its elements with absorption of heat, the heat of forma- 
tion being about — 54,000 calories: 

Ca+Hj = CjHj >^54,000 cals. 

It is, therefore, a comparatively unstable compound and 
decomposes into its elements with explosive violence due to 
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the liberation of this large store of heat energy. Liquid 
acetylene or the compressed gas is easily decomposed by 
heat or detonation and may thus cause serious accidents due 
to explosions whereas a solution of the gas in acetone can be 
used with safety. The gas is, therefore, stored under pressure 
in strong iron cylinders which are filled with porous briquettes 
soaked in acetone. 

When mixed with air or oxygen acetylene forms an 
explosive mixture. It usually bums with luminous, sooty 
and a very hot flame, it is used for lighting purposes {e.g,, 
in acetylene lamps used in bicycles or in domestic lighting) 
owing to its high illuminating power. A mixture of oxygen 
and acetylene used in the oxyacetyhne blowpipe yields a very 
hot flame which is employed in cutting steel plates and for 
welding purposes. 

When acetylene is passed through an iron tube 
heated to dull redness it is partially converted into 
benzene : 

CH 

HC CH 

3CHECH ^ i H 

HC CH 



This is a typical example of the transformation of an 
open chain aliphatic hydrocarbon into an aromatic hyAvo- 
carbon with a ring structure, as well as the synthesis of an 
aromatic compound from its elements, acetylene being 
obtained from carbon and hydrogen. Again, we find that 
acetylene CjHj has been converted into another compound 
having the same empirical formula but with a multiple 
molecular weight This union of tWo or more 

molecules of one organic compound to form a more complex 
compound having a multiple molecular weight is known as 
polymerization (Gk. /)o/ms— many, moros— part). Here 
^nzene ife called a polymer of acetylene. The te'ndency to 
polyirierize is found to be fairly common amongst unsaturated 
compounds. 
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Ac^ylides— 

The two hydrogen atoms of acetylene are replaceable by 
metals like Cu, Ag, Hg, Na, etc., giving metallic derivatives 
known as acetylides. Thus when the gas is passed through 
ammoniacal solutions of cuprous chloride or silver nitrate, 
a reddish or chocolate brown precipitate of cuprous acetylide 
C2CU2 or a yellowish white precipitate of silver acetylide 
obtained. In these reactions it acts as a dibasic 
acid and compounds like NaoQ and NaHC2 are also known: 
The dry copper, silrver or mercury acetylides are highly 
explosive. The precipitate of the red cuprous acetylide 
serves as a very delicate test for acetylene and also for the 
^paration of acetylene from other gases. Cuprous acetylide 
is decomposed by warming with dilute hydrochloric acid 
regenerating acetylene and pure acetylene can be obtained in 
this way. Calcium carbide may also be considered as calcium 


acetylide Ca 


/ 


C 

III- 


c 


Additive Compounds — 

Like all unsaturated hydrocarbons acetylene forms 
various additive compounds. Thus, in the presence of catalysts 
like platinum black or finely divided nickel, acetylene is 
reduced by hydrogen giving first ethylene and then ethane : 
CH : CH^CH,:CH,-^CH,.CH 3 

With chlorine under ordinary conditions acetylene r^eacts with 
explosive violence giving C and HCl: 

CH ; CH+Cl, = 2C + 2HCI 

When the reaction takes place in presence of some diluent 
like kieselguhr, acetylene tetrachloride or tetrachlore thane is 
formed ; 

CH ;■ CH+2CL = CHCl.-CHCh 

Acetylene tetrachloride is a non-inflammable liquid, techni- 
cally known as westron, and is used in industry as a solvent 
for fats, rubber, cellulose acetate, etc. It is now used 
extensively in the manufacture of non-inflammable cinemato- 
graphic films. It has also found use as an insecticide. It 
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has been known to have caused fatal poisoning by inhalation 
aihong the industrial workers. With bromine, acetylene- 
^ves first acetylene dibromide and then acetylene tetrabro- 
mide ; 

CH : CH+Br* = CHBr:CHBr; 

CHBr;CHBr+Brj = CHBrj.CHBr, 

With hydrobromic acid, acetylene gives vinyl bromide and 
then ethylidene bromide ; 

CH; CH->-CHBr:CH,->-CHBr,CH. 

In the second^ reaction, it may be observed that th^ 
halogen atom unites with the carbon atom which is poorer iiP 
hydrogen: this is known as Markownikoff* s Rule. 

In presence of catalysts, acetylene combines with water 
giving acetaldehyde: 

CH CH-fH,0 = CH,.CHO 

Commercial acetaldehyde is prepared by passing acetylene 
gas through warm dilute sulphuric acid containing some 
mercuric sulphate which acts as a catalyst. The acetalde- 
hyde is further oxidized to acetic acid and thus forms a source' 
of synthetic acetic acid 



CHAPTER VII 


HALOGEN DERIVATIVES OF THE 
HYDROCARBONS 


We have already seen that a saturated hydrocarbon like 
methane is. acted upon by chlorine giving substitution products 
such as methyl chloride CH3CI, methylene chloride CH^Cl^ 
chloroform CHCI3 and carbon tetrachloride CCl^. Similarly, 
bromine would give methyl bromide CH3Br, methylene 
bromide CH2Br2, etc. Iodine substitution products such as 
CH3I, CH2I2, CHI3 and CI^ are also known although they 
are formed indirectly. 

Ethane would likewise yield substitution products such 
as ethyl chloride CH3.CH2CI, ethylidene chloride CHg-CHCl^ 
tetrachlorethane CHCI2.CHCI2, hexachlorethane CCI3.CCI3, 
etc. 

Unsaturated hydrocarbons, on the other hand, yield 
halogen derivatives by addition, such as dichlor-ethylene 
CHChCHCl, acetylene tetrabromide CHBr2.CHBr3, etc., 
from acetylene; ethylene dibromide CH2Br. CH2Br, ethyl 
iodide CH3CH2I, etc.^ from ethylene, and so on. 

Some of the halogen derivatives of hydrocarbons, such as chloro- 
form, iodoform, tetrachlorethylene, etc., are used in medicine ; some, 
for instance, carbon tetrachloride, ethylene dichloride (or dichloro- 
etiiane) CH^Cl.CHjCl, tetrachlorethane CHClj-CHCh, dichlorethylene 
CHCl: CHCl, trichlorethylerie CCl/. CHCl, etc., are used as in- 
secticides and fumigants^ ethylene dichloride being particularly useful 
against weevils in food-grains ; others, such as carbon tetra- 
chloride, methyl bromide, ethylene dibromide (or dibromoethane) 
CHjBr.CHjBr, etc., are used as fire extinguishers, and most of the 
above compounds are extensively used as solvents for rubber, etc., in 
various industries. 

Chloroform* Trichloromethane,, CHCI3 
' Preparation. 

(i) Pure chloroform for anaesthetic purpose js best 
iprepared by heating chloral with a solution of caustic soda: 

CCb.CHO-fNaOH = GHCl.+H.COONa 


5 
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(2) Chloroform is prepared in the laboratory or on a 
large scale by the action of bleaching powder upon ethyl 
alcohol or acetone. 

In the case of ethyl alophol the chlorine liberated from 
the bleaching powder first converts the alcohol into chloml 
by simultaneous oxidation and chlorination. The lime present 
in the bleaching powder reacts with chloral to form chloroform 
and calcium formate. 

CH 3 .eH,OH-fCa(OCl)Cl = CaCl, + H,0-hCH,CH0 
Ethyl alcohol Acetaldehyde 

'*CH,.CH0-1-3CI, = CCh.CHO-fjHCl 
Chloral 

2CCl3.C,HO-f-Ca(OH)3 Ca(H.COO),-f-2CHC]3 
Calcium formate 

The reactions shown in the above equations represent 
Only a portion of the ditterent stages of the production of 
chloroform. They have been discussed further in connection 
with chloral (see p. 117). 

In the case of acetone the reaction proceeds more readily 
and it is, therefore, preferred to ethyl alcohol in the laboratory. 
The acetone is chlorinated into trichloroacetone which is then 
decomposed by the lime into CHCl, and Ca-acetate. 

CH,.CO.CH,-f jCb - CCh.CO.CH,-f3HCl 
Tricliloroacetone 

2CCl,.CO,CH,+Ca(OH), = 2 CHCl,+Ca(CH,COOJ, 

Chloroform prepared from acetone is likely to contain mono- 
and dichloro-acetones which are poisonous and thus render it 
unsuitable for anaesthesia. 

To prepare chloroform in the laboratory , about 100 
grams of bleaching powder are made into a paste with about 
300 c.c. of water and taken in a large round bottomed flask. 
About 20 grams of acetone (or the same amount of alcohol, 
free from fusel . oil) are added and the mixture is gradually 
heated qn a sand bath. The flask is connected with a 
condenses and the chloroform is distilled over. The distillate 
is taken in a separating funnel, washed with dilute caustic 
soda and then with distilled water. It is then dried with 
anhydrous calcium chloride and purified by redistillation. 
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Properties . — Chloroform is a colourless liquid with a 
pleasant odour and a burning sweetish taste. It is a 
heavy, volatile liquid having a s^cific gravity of 1-489 at 
20°. Pure chloroform has a/ boiling point of bi-a"" 
(766 m.m.). It is almost insoluble in water, 100 grams 
of water dissolving only 0-822 gram of chloroform 
at 20 to which it imparts a sweetish taste. It is miscible 
with absolute alcohol, ether, petroleum ether and benzene. 
It is not inflammable but bums with a sooty flame if mixed 
with some alcohol. When exposed to light and air, especially 
in presence of moisture, it is partially oxidized and gives 
rise to the poisonous gas phosgene or carbonyl chloride 
COCL and HCl together with some free chlorine. 

2CHCI,+0, =: 2COCI,-f2HCl 
2CHCI, + 30 2C0CL+Cl,-fH,0 

All these impurities are dangerous for ansesthetic purpose. 
To avoid these reactions medicinal chloroform is mixed with 
I to 2 per cent by volume of anhydrous alcohol and kept in 
a cool dark place in a well-stoppered, amber coloured bottle 
filled up to the stopper leaving no air space in the bottle. 
The alcohol, not only inhibits the oxidation but also converts 
the carbonyl chloride into ethyl carbonate which is harmless: 

C(X:L + 2C,H,.0H 2HC14-C0(0CHJ, 

According to the B.P. the boiling point of chloroform con- 
taining I to 2 per cent of alcohol lies between 60° and 62° 
and has a specific gravity of 1*485 to 1490 at 15-5°. 

Z/ses.— Chloroform is a very good solvent for fats, oils, 
alkaloids, etc., and is widely used as such in industries and 
in chemical laboratories. Pure chloroform is used for produc- 
cing druBsthesia in surgical operations and internally, as at 
carminative and stomachic. As an antiseptic it is used in 
biochemical work to prevent the growth of fungus or 
bacteria. 

Reactions and Tests. 

(i) On warming a drop of chloroform, a drop of aniline and a 
little alcoholic solution of caustic potash a disagreeable smell of 
phenyl isocyanide or phenylcarbylamine is obtained : 

C,H,.NH,+CHCl,-f 3 KOH C4-3 KCH 3 H,0 

Ahiline Phenyl 

isocyanide 
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This is known as the isocyanide test or carbylamme reaction, and l» 
a very delicate test for chloroform as well as for a primary amin© 
(see p. 2460* 

(it) Pure chloroform do^ not give any piecipitate with silver 
nitrate since the chlorine atoms in ;the molecule cannot ionize. But ii 
it is heated with an aqueous or better with an alcoholic solution of 
caustic potash, it is decomposed giving potassium formate and 
potassium chloride: CHClai-P4KOH = HXOOK+3KCI+2 H, 0 . 
If the solution is acidified with dilute nitric acid and AgNQ, added, 
a white pecipitate of AgCl is at once obtained and the silver formate 
formed is also gradually reduced to metallic silver. 

(it^) ^Chloroform slightly reduces Fehling's solution. 

The impurities likely to be present in chloroform are COCl,, 
liCI, Cl, aldehydes, and some mineral matters. These are therefore 
tested for in anaesthetic chloroform. 

For other tests see toxicology of chloroform. 

Tests for Impurities in Anaesthetic Chloroform. 

(t) Hydrochloric Acid and Chlorides. Shake 10 c.c. ot 
chloroform with 20 c.c. of distilled water and allow to separate ; test 
5 c.c. of the water with blue litmus and 5 c.c. v/ith silver nitrate. 

(it) Free chlorine. Shake 10 c.c. of chloroform with 20 c.c. of 
distilled water and test to c.c. of the water with a solution of 
cadmium or potassium iodide and a few drops of starch solution ; a 
blue colour if free chlorine is present. 

(iti) T^st pf phosgene, COCl^, — Add a pinch of phenyl hydra- 
zine cinnamate to some of the chloroform ; after 5 minutes add a 
drop of I per cent CuSO^ ; a red-violet colour of diphenyl carbazide is 
formed if phosgene is present. 

(ir,) Test for decomposition products: 20 c.c. CHCl, are kept in 
the dark in a stoppered bottle with 15 c.c. cone. HjjSO^ and 4 
drops of a solution of formaldehyde and shaken frequently for -Jf 
hour ; after an hour more the acid layer should not be more than 
slightly coloured. 

Tests are also made for foreign chlorine compounds, aldehydes, 
residues, etc. 

i^hlorbttlelp ChloreUme, TrichloroAertiary isobutyl alcohol 

CH,/' \ca, 

This compound 4 s obtained by heating a mixture of chloroform and 
acetone with potassium hydroxide: 

OH,. CO.CH.+ CHCl, ^ C(CH,),(OH)CCl, 

This is a colourless solid having a camphor-like odour and ^te. 
When anhydrous it melts at it boils at 167® but is volarile at 

ordinary temperatures. It is easily soluble in ether, chloroform and 


/'OH 
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alcohol but less so in glycerine (i in 10) or water (i in 125). As a 
sedative it is used in sea-sfckness, and as an antiseptic and analgesic 
it is used as a sprs-V in its solution in liquid parafi&n> in order to 
relieve nasal catarrh. 

Chloropicrin, Nitro chloroform, Trichloronitromethane, C(N02)Cl3. 

This is a pungent smelling liquid formed by the action of nitric 
. acid on chloral. It is prepared by the action of bleaching powder on 
picric acid. It is almost insoluble in water ; b.p. 112" ; sp. gr. 1-651 
at 23'’ ; it has a strong irritant action on the eyes and mucous 
membrane and was used in the first Great War as a tear gas ; 
minimum lethal concentration is 2 00, 

N.B. Minimum lethal concentration shows relative toxicity on 
the basis of 10 minutes’ exposure and is expressed in milligrams p^r 
litre. 

Bromoform, Tribr}pmomethane, CHBr, 

This is prepared by the action of bromine and a solution of^ 
sodium carbonate on acetone- It is a colourless liquid with a smell 
like chloroform and a sweetish taste. It boils at 150-5'’ (760 mm.) 
and melts at 7-8'’ and has a specific gravity of 2-9 at 20'’. It is 
used as a sedative in whooping cough and as a solvent for the 
determination of molecular weights. 

Iodoform, Triiodomethane, CHI, 

It is formed when ethyl alcohol (not methyl alcohol), 
acetone, aldehyde, etc., are warmed with iodine and an 
aqueous solution of an alkali. As iodoform is decomposed 
on boiling with caustic alkalies into a formate, no heat should 
be applied in preparing iodoform with NaOH or KOH in 
place of K2CO3 or NaaCO^. 

It can be prepared in the laboratory by warming an 
aqueous solution of K2CO3 with ethyl alcohol and iodine. 
The iodoform separates out as a crystalline powder which is 
filtered, washed with water and recrystallized from alcohol. 

C,H,0H + 4l, + 3 K,C 03 - CHl3 + H.COOK-P5KI + 3CO3 + 2H,0 

Iodoform is also prepared by the electrolysis of an 
aqueous alcoholic solution of KI and K3CO3 in presence of 
CO3 at a temperature* of 60 — 70°. 

Iodoform crystallizes in lemon yellow shining hexagonal 
plates or star-shaped crystals (see Fig. 45, p. 467). It melts 
at 119° but volatilizes in steam and even at ordinary tempera- 
tures. It has a peculiar unpleasant odour and has a sp. gr. 
of 4 ’Oo 8 at 17°. It is insoluble in water but dfesolves in 
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alcohol, ether and chloroform. It is used as an antiseptic for 
wounds. Owing, however, to its unpleasant odour and arr 
irritant action on the skin it has been replaced by other 
compounds (see lodol). 

Carbon tetrachloride, Tetrachlorow^thane, CCh- 

This is prepared on a large scale by the action of chlorine upon 
carbon disulphide in the presence of a catalyst, like iron filings,, 
which acts as a fMlogen carrier. 

CS,+2Cl, = CCh-t-2S 

It is a pleasant smelling colourlesG liquid witli a burning taste. 
It boils at 7674* (760 mm.O and has a sp. gr. of 1-594 at 20^ It 
is almost insoluble in water but dissolves easily in ether and absolute 
alcohol, ^t is very volatile and non-inflammable. It is used as a 
solvent for fata and oils in the dry cleaning of clothes and as a 
fire -ex tin fisher under the trade name pyrene. Jn medicine, it is 
Used as an anthelmintic in tape-worm and hookworm infections, but 
owing to its higher toxicity, it is being replaced by tetrachlorethy- 
lene. 

Ethyl chloride, CH3.CH2CI. 

This is prepared by wanning a saturated solution of 
hydrochloric acid in ethyl alcohol containing some anhydrous 
zinc chloride which acts as a dehydrating agent and prevents 
the reversible reaction: 

CH3.CH,.OH-fHCl 

It is a colourless volatile liquid with an ethereal smell 
and burning sweetish taste. It boils at 12*5° and has a sp. 
gr, of 092 at 0°. It is almost insoluble in water but is 
miscible with ether and absolute alcohol. It is used in minor 
surgical operations as a local anaesthetic in the form of a 
spray, the intense cold produced by its rapid evaporation 
causing anaesthesia of the part. Liquid ethyl chloride is also 
used for spraying perfupies. 

Chlorine and fluorine derivatives of methane and ethane, 
e.g. CCI2F2, CCI2F.CCIF2, CCIF2.CCIF2, etc., have lately 
been introduced under the trade name of Freon and are used 
as refrigerants and insecticides. 

Tctrachlorethylene, PercMor ethylene, CCl, ! CCla- 

Thifli is obtained as a bye-product in the commercial preparation 
of carbon tetrachloride from carbon disulphide and chlorine. It is a 
colourless liquid boiling at 121® and has a sp. gr. of 1-619 at 20°. 
It is used as an anthelmintic in the treatment of hookworm, thread- 
worm, fluke and tapeworm infections. 



CHAPTER VIII 


MONOHYDRIC ALCOHOLS 
A. Saturated Monohydric Alcohols 

It one atom of hydrogen in a saturated hydrocarbon like 
methane CH^ is replaced by the monovalent radical — OH 
(hydroxyl), we get an alcohol known as methyl alcohoL 
Similarly, from ethane CH3.CH^ we get the monohydric 
alcohol, ethyl alcohol ‘CH3,CH20H. From propane 
CHa.CH2.CH3 we can get two monohydric alcohols, primary 
propy] alcohol CH3CH2.CH^OH and secondary propyl 
alcohol CHaXHOH.CHa. Froi^i n-butane CH3.CH2.CH2.CH3 
we can get two alcohols, primary (n-) butyl alcohol 
CH3CH2.CH2.CH2OH and secondary (n-) butyl alcohol 
CH3.CH2.CHOH.CH3, and from iso-butane CH3.CH(CH,). 
CH3 we can get two alcohols, 'viz., primary f^o-butyl alcohol 
and tertiary tso-butyl alcohol: 


H 


OH 


CH3— C— CHjOH 
I 

CH, 

Primary rs’O-butyl alcohol 


I 

CH3-C-CH3 

I 

CH. 

Tertiary i6'0-butyl alcohol 


The monohydric alcohols are thus paraffins in which 
one atom of hydrogen has been replaced by a hydroxyl group. 
In a primary alcohol the hydroxyl group is attached to the end 
carbon atom and it contains the group — CH^OH but a 


secondary alcohol contains the group 


)CH.OH attached to 


two other carbon atoms and a tertiary alcohol contains the 


group ^ — C.OH attached to three other carbon atoms. 


The behaviour on oxidation is also quite different for 
the three types of, alcohols. A primary alcohol R.CH2OH 
(where R represents an organic radical) is oxidized first 
to an aldehyde R.CHO, and, then to an acid R.COOH( both 
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containing the same number of carbon atoms. Thus, the 
primaiy ethyl alcohol is oxidized first to acetaldehyde and 
then to acetic acid: CHaCH^OH-^ CHj.CHO ^CHjCOOH. 

O O 

A secondary alcohol is oxidized to a ketone containing the 
same number of carbon atoms. The ketone on further 
oxidation is broken im into an acid having a lower number 
of carbon atoms. Thus, the secondary alcohol isopropyl 
alcohol having three carbon atoms is oxidized first to acetone 
and then into acetic acid which contains two carbon atoms: 

CH, CHfOH).CH, vCH,.CO.CH, >-CH,.COOH-f C0, + H,0 

O O 

A tertiary alcohol is broken up on oxidation into ketones and 
acids both having a lower number of carbon atoms. Thus, 
tertiary butyl alcohol having four carbon atoms is oxidized 
to acetone (3C atoms) which breaks down further into 
acetic acid (2C atoms) and carbon dioxide: 
ch/ 

CH.— €-U)H CH,— CO+CO,+H,0 

I o I 

CH, CH, 

CH,—C0—CH, CH,— COOH+CO,-fH,0 

o 

Nomenclature of Monohydric Alcohols. 

The classification into primary-, secondary-and tertiary 
alcohols according to their characteristic groups and that 
based on the hydrocarbon into normal- and iso- has been 
mentioned above. 

Another convenient nomenclature depends upon consi- 
dering all the alcohols as derivatives of methyl alcohol 
CH3OH which is called carbinoL Thus, ethyl alcohol 
CHj.CHjOH is methyl carbinol,. iso-propyl alcohol 
CH3.CH(0H).CH3 is called dimethyl carbinol, and so on. 

According to the international (Geiieva) system of 
nomenclature, the suffix -oZ is added to the corresponding 
hydrocarbon after dropping the ending Thus methyl 
alcohol is methanol, ethyl alcohol is ethanol, n-propyl alcohol 
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propan-l-ol, /sopropyl alcohol is propan-a-ol) priiriary n-butyl 
alcohol CH3.CH2.CH2.CH2OH is butan-l-ol, secondary- 
n-butyl alcohol CH3.CH2.CH(OH).CH3 is butan-2-ol, 
primary isobutyl alcohol CH3.CH(CH3),CH20H is 2-methyl- 
propan-l-ol; tertiary isobutyl alcohol CH3.C(OH) .CH, is 

2-methyl-propan-2-ol, and so on. 

Some General Methods of Synthesis of Alcohob. 

(1) By heating alkyl halides with dilute aqueous 
alkalies or with freshly precipitated moist silver oxide: 

CHJ+KOH = CH,OH+KI 
Methyl iodide Methyl alcohol 

CH,.CHJ4-Ag(0it) = CH,.CH,OH-f-AgI 
Ethyl iodide Ethyl alcohol 

(2) By the reduction of aldehydes with nascent hydrogen, 
e-g., by the use of sodium amalgam and dilute sulphuric acid: 

CH,.CH04-2H = 

Acetaldehyde Ethyl alcohol 

(3) By the hydrolysis of esters with dilute "alkalies: 

CHj.COOCaH.+NaOH = CH,.C(X)Na+C,H,OH 
Ethyl acetate Na-acetate Ethyl alcohol 

(4) By the action of nitrous acid on primary amines: 

CH,.CH,.NH/+HO-NO = CH,.CH,0H+N,+H,0 
Ethyl amine Ethyl alcohol 

(5) By the act’on of Grignard Reagents on aldehydes or 
ketones; this method is specially suitable for the preparation 
of secondary and tertiary alcohols: 



CH,.CHO + CH^.MgJ = CH,.C— OMgl 


Acetaldehyde Magnesium 

^CH. 

methyl iodide 


/H 


CH.— C— OMgl+H.O = CH,.— C— OH + Mg(OH)l 

\ 

\ 

CH. 

CH, 


r<;opropyl alcohol 
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CH. . CH. . .OMgl 

)CO+C,H,.Mgl = )C( 

CH. / CH. / 

Acetone Magnesium 
ethyl iodide 

ch,n /OMg.r 

+ H,0 

CH, 


General Properties and Reactions of Alcohols. 

(i) Physical Properties. 

The alcohols are all neutral in reaction and are lighter 
than water. The lower primary alcohols like methyl-, ethyl-, 
propyl-, butyl- and amyl alcohols are mobile colourless 
liquids, the middle ones are oily and the higher ones, from 
dodecyl alcohol C, (m.p. 24") upwards, are 
wax-like solids. The. two lower ones, methyl alcohol and 
ethyl alcohol, are easily soluble in water but the solubility of 
the other alcohols decreases rapidly with the increase in mole- 
cular weight: The lower members have characteristic odours 
but the higher ones are almost odourless and tasteless like the 
paraffins. They have the general formula Cn H,,,., OH. 
The primary alcohols form the following homologous ^erie^ ' 

methyl alcohol (CH,.OH). 

CM,.CH.OH ethyl alcohol (C.H..OH). 

CH,.CH;.CrLOH n-propyl alcohol (C,H,.OH). 

CH,.(CHJ..CTlOH n-butyl alcohol (G,H,OHh 

CH3.{CHO'.CH.OH n-amvl alcohol (C.Hh-OH). 

CH,.(CH;),.CH. 0 H n-hexvl alcohol (C,H, vOH). 

CH,.(CHh3.CH.OH n-decvl alcohol (C„H.,.OH). 

CH3.(CHJ.o CHXJH n-dodecyl alcohol (C,.H.. 0 H). 

CH3.(CH.),,.CH;0H, cetvl alcohol 

CITfCHj'.^.CH.bH, mchssyl alcohol 

(ii) Chemical Reactions: 

Metallic sodium acts on an alcohol and replaces the 
hydrogen atom of the hydroxyl group, forming alcoholates , 
the reaction is similar to that with water: 

2C,H,pH-f2Na =2C.H,pNa + IT 
, Ethyl alcohol Sodium ethoxide 

2HOH-f-2Na = 2HONa-}-H, 

Sodium hydroxide 


,OH 

yC +Mg(OH)I 

CH/ 

Tertiary amyl alcohol 
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Alcoho] combines with organic acids forming a class of 
compounds known as esters: 

OH-f CJl.C'OOH ^ C:,H,.0.C0.CH, + H,0 
Ethyl alcohol Acetic acid Ethyl acetate (ester) 

Phosphorus pentachloride reacts with alcohols and 
replaces the OH group by Ol; 

CH,OH + PCI, = ChbCi-h Pnci,-rHCi 
Methyl Methyl 

alcohol chloride 

Methyl Alcohol, Methanol^ Carhinoly Wood Spirit^ 

CH3.OH 

Occurrence. — It does not occur in the free state in 
nature but is found as an ester in the essential oils of many 
plants. Thus it is found as methyl ester of salicylic acid in 
the oil of wintcrgret-n obtained from the herb Gaultheria 
proctimhens Linn., as methyl ester of anthrauilic acid in the 
oil of tange'.inc obtained from the peel of the fruits of Citrus 
japonica Thunb., as methyl cinnamate in the oil of Aipinia 
galmrga Willd., etc. The alkaloid cocaine found in the 
leaves of Erythroxy'on coca Lam., is a methyl ester of 
benzoyl ecgonine (sc;e cocaine). 

Synlhesis: 

(j) Py the action of moist silver oxide on methyl 
iodide: 

('i-ld-^A^yOll) --- ClkOH + AgI 

(2) By the action of nitrous acid on methyl amine: 

(:H,NtL,-|-HN(y - CH,0H+N, + H,0 

(3) On a large scale it is synthesized by heating carbon 
monoxide with hydrogen under a pressure of 300 to 600 
atmospheres at 300 to 400° C in presence of suitable catalysts 
such as chromium oxide, etc. Since the mixture of CO and 
Ho, known as ivaier gas is obtained by passing steam over 
red hot coke^ this method is really a synthesis from its 
elements: 

C -fH,0 = rO+H., : CO 4- 2H. = CH^OH 

The alcohol thus obtained is purified by distillation. 
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Preparation from Dry Distillation of Wood. — Methyl 
alcohol is generally prepared on a large scale by the 
desimetiV^ distillation of wood. Dry wood (beech, birch, 
pine, eucalyptus, etc.) is heated in large iron retoits to which 
there :s no access of air and the following products of distilla- 
tion are collected after passing through condensers: (i) The 
gas given off, known as wood gas, consists of hydrogen, 
methane and other hydrocarbons, carbon monoxide, etc. 
and is used as fuel for heating the retorts. (2) A reddish- 
brown aqueous liquid and (3) some tar known as wood tar 
collect in the distillate. (4) Wood charcoal remains behind 
m the retorts. The aqueous distillate, which is acid in 
reaction and known as pyroligneous acid forms about 45 per 
cent of the weight of the wood and this is separated mechani- 
cally from the tar. The wood tar, which contains paraffins, 
naphthalene, phenol, guaiacol, etc., and possesses antiseptic 
properties, is used as a preservative for timber. 

The pyroligneous acid owing to its content of acetic acid 
is also known as crude wood vinegar. It contains from 8 to 
10 per cent of acetic acid, from 2 to 4 per cent of methyl 
alcohol, about 0 5 per cent of acetone, and traces of esters 
and other substances. The liquid is neutralized with milk of 
lime Ca (OH), in order to fix the acetic acid as non-volatile 
• calcium acetate and distilled. The distillate which consists 
of a dilute solution of methyl alcohol and acetone together 
with other volatile components is treated with quicklime and 
distilled fractionally. The product obtained contains from 
70 to 80 per cent of methyl alcohol with 10 to 20 per cent of 
acetone together with other impurities and is known as 
commercial wood spirit or wood naphtha. 

Purification of Methyl Alcohol 

The commercial wood spirit can be purified further by treatment 
with quicklime "ollowed by careful fractional distillation. But it is 
not pssible to get either absolute methyl alcohol or pure acetone by 
continuing this process. To obtain pure methyl alcohol free from 
acetone one of the following methods is used: (i) The alcohol is 
treated with dry chlorine which converts the acetone into high boiling 
chloro-denvatives, marnlv trichloro-acetone, and the liquid distilled 
fractionally. (2) The alcohol is treated with anhydrous calcium 
chloride when a crystalline compound CaCl2.4CH30H is formed : 
the acetone (b.p. 56°C) is removed by draining and heating and the 
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crystalline compound which is not decomposed at a temperature 
below 100° C is then decomposed by boiling with water, and the 
alcohol distilled over ; the distillate is dehydrated by treatment with 
quicklime and redistilled. (3,) The alcohol is treated with anhydrous- 
oxalic acid when a solid dimethyl oxalate CHjOOC.COOCH^, 
m.p, 54°, b.p. 153’, is formed ; this is washed with water to remove 
the acetone and then distilled with KOH when methyl alcohol is 
obtained ; this is treated with quicklime and re-distilled. 

Properties and Reactions. 

Methyl alcohol is a mobile colourless liquid neutral in 
reaction and boils at 647^' (760 mm.). It has a sp. gr. of 
0791 at 20°. It mixes with water in all proportions. It has 
a peculiar odour and a burning taste. It produces intoxica- 
tion as with ethyl alcohol but is extremely poisonous and is 
liable to produce blindness and even death (see Toxicology, 
pp. 470-71). 

Methyl alcohol cannot be dehydrated by anhydrous cal- 
cium chloride since it combines with it to form CaCl2.4CH30H 
which crystallizes as hexagonal plates. The alcohol present 
in such compounds may be termed alcohol of crystallization 
since it is similar to the water of crystallization of the 
compound CaClo. bHoO. With MgCl2 a similar compound 
MgCl2. 6CH3OH is formed. 

Methyl alcohol bums with a pale blue non-luminous 
flame. Its vapour forms an explosive mixture with air or 
oxygen. As a primary alcohol, it is oxidized first to an 
aldehyde, known as formaldehyde, and then to an acid 
called formic acid: 

O O 

H.CH.OH --- H.CHO H.COOH 

Methyl alcohol Formaldehyde Formic acid 

The typical reactions of the hydroxyl group (OH) 
present are given by metallic sodium, phosphorus penta- 
chloride, acetyl chloride and acetic anhydride. Thus metallic 
sodium replaces the H atom of the OH group, produces 
sodium methoxide and liberates hydrogen gas; the reaction 
is similar to that with water: 

2CH,OH + 2Na = -CH,ONa + IT 
'Na-methoxide 

2H.OH-f2Na = 2H.ONa+H, 

Sodium hydroxide 
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Phosphorus pentachloride replaces the OH group by chlorine : 

C 1 1, OH -i- PCI, = CHjCl + Pix;], + HCl 
Methyl 
chloride 

Acetyl chloride or acetic anhydride replaces the H atom of 
the OH group by acetyl group (CH3CO — ) : 

CH,OH+CM,CO.Cl = CH,O.CCX:H3-fHCl 
Methyl acetate 

CH^OH -hCfl^CO.O-CO.CH, - CH3O.COCH3 +CH3COOH 
Acetic anhydride Methyl acetate 

When warmed with acetic acid, methyl alcohol gives 
the ester methyl acetate: 

CH^OH+CH^COOH = Cl f,O.CO.CH,+ H,0 

Acetic acid Methyl acetate 


Uses of Methyl alcohol. 

Methyl alcohol is used to prepare formalin which is 
widely used as an antiseptic and preservative (see p. in). 
The use of the alcohol or its derivatives for the synthesis of 
various dyes and chemicals is due to the fact that they serve 
as the source of the methyl group. The alcohol is used as a 
solvent for varnishes, lacquers, etc., and as a fuel in motor 
cars. Owing to its poisonous properties the impure alcohol, 
wood spirit or wood naphtha, is used in Europe and America 
to prepare what is popularly known as methylated spirit. 

Tests. 

(1) Methyl Salicylate Test: To 3 or 4 drops of methyl alcohol 
add 2 drops of cone. H^SO, and a pinch of salicylic acid ; warm on a 
wah^r bath and pour the liquid into a dilute ‘'Olution of sodium 
carbonate ; the pleasant odour of oil of wintergreen is perceived. 

(2) Pure methyl alcohol is distinguished from ethyl alcohol by 
the fact that it does not givS^the iodojorw. reaction. 

(3) Oxidation Tests: 

(i) Tal^e in a test tube about 5 c.c. of a saturated solution 
of sodium dichromate and 2 c.c. of dilute sulphuric acid (1:1) and 
add about 2 cx. of the alcohol or its aqueous solution. Boil under 
reflux, cool, dilute with the same volume of water, distil and collect 
about I c c. of the distillate in a little water in the receiving test 
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tube. To a portion ot the distillate add (a) a dilute solution of 
mercuric chloride and warm; a white precipitate of mercurous chloride 
is obteined ; (b) to another portion add an ammoaiiacal solution of 
AgNOa 2Jid warm ; a silver mirror or a black precipitate is formed. 
These reactions are due to the formation of formic acid. 

(ti) The most delicate method for testing methyl alcohol consists 
in oxidizing it to formaldehyde and then identifying the latter by 
various well known tests .some of which are given here: 

Take 5 c,c. of the solution suspected to contain methyl alcohol in 
a wider test tube, add 2-5 c.c. of 2 per cent KMnO^ solution. 0-2 c'.c, 
of cone. and mix carefully by shaking. Allow to stand for 2 — 3 

minutes and then add 0-5 c.c. of 10 per cent oxalic acid solution aOrf 
mix carefully ; the colour of the permanganate gradually disappears. 
When the solution is of sherry-yellow colour, add i c.c. of conc- 
mix and cool (Denige'j. The colour is completely discharged 
and the mixture now contains formaldehyde, the oxidation product 
of metiiyl alcohol. With this colourless mixture carry out th- 
following tests ; 

(a) To about 3 c.c. of this mixture add half the volume of 
Schiff's reagent, mix and allow to stand — a blue- violet colour develops 
in the course of a minute or two, the depth of the colour depending 
upon the proportion of methyl alcohol in the original liquid taken for 
examination. Except in highly diluted solutions tlie colour usually 
attains its maximum depth within 15 minutes (Deuige's Test). 

This test is very useful for detecting even O'l per. cent methyl 
xilcohol present in ethyl alcohol, if the quantities of the reagents "as 
described in the test are strictly adhered to. 

N.B. — Ethyl alcohol is oxidized to acetaldehyde whicli also 
reacts with Schitf's reagent but in the presence of excess of 
acetaldehvde does not give any coloration while the formaldehyde 
■does. Deuige's test is based on tl)is property of acetaldehyde. 

(b) To about i c.c. of the mixture add 5 c.c. of cone. HjSO^, 
niix and cool. Add a drop of this solution to a small amount (about 
I mg.) of morphine or its salt on a white plate — a beautiful \dolet or 
blue-violet colour appears imiuediately (Marquik). 

(c) To another portion of i c.c. add 5 c.c. of cone. mix. 

and cool as before. Dissolve a pinch of morphine or its salt in 2 c.c. 
cone. in another te.st tube by shaking. Mix the two solutions 

together — a blue-violet colour develops in a few seconds (Mannich). 

( 4 ) To another portion of about 2 c.c. add about 3 c.c. of 
ordinary bazar nulk, mix and cool. Cxently layer at the bottom of the 
milk about 3 c.c. of cone. H,SO, to which a small drop of dilute 
Fe(il3 solution was added — a beautiful purple ring immediately 
appears at the junction of the two liquids (Hehner). This test was 
originally devised by Hehner tor detection of formaldehyde addt-d 
to stale milk as a preservative. 
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N,B, — Sckifj's reagent is prepared as follows: Dissolve 0-2 
gram of basic fuchsine in 120 c.c. of ,hot distilled water. Cool the^ 
solution, add a solution of 2 grams (jf anhydrous sodium sulphite in 
20 c.c. of distilled water, and then add 2 c.c. of concentrated HCI 
and mix. Dilute the solution with water and make up to 200 c.c. 
and allow to stand for one hour befhre use. The reagent should be' 
prepared every few days as it loses its potency on keeping. It, 
nowever, keeps fairly well if stored in a refrigerator. 

Ethyl Alcohol, Alcohol, Ethanol, Methyl CarbinoE 
spirit of Wine, CH3.CH3OH, 

Occurrence . — It is stated to be present as an ester in 
some oils of Eucalyptus. The presence of the free alcohol 
in some fruit juices, o.g., grapes, is due to the fermentation 
of the sugar present. It is found in the urine, blood, 
cerebro-spinal fluid and also in the tissues of those who 
drink heavily (see pp. 466 — ^46^). 

Synthesis. 

(1) By the action of moist silver hydroxide on ethyl 
iodide: 

* C,HT + Ag(OH) = C,H,.OH + AgI 

(2) By the action of nitrous acid on ethylamine: 

C,H,NH, 4 -HN 0 , C,H, 0 H 4 -N,+H ,0 

(3) By the action of ethylene on fuming sulphuric acidi 
ethyl hydrogen sulphate is formed. When the latter is 
boiled with water ethyl alcohol is obtained. 

CH,:CH,+H,SO, QH,HSO, 

Ethyl hydrogen sulphate 

C,H,.HS 0 , + H ,0 =C,H,OH + H,SO, 

(4) As stated before, acetaldehyde can be obtained from 
acetylene by the action of dilute sulphuric acid in presence- 
of a catalyst. When acetaldehyde is reduced by hydrogen in 
presence of finely divided nickel as catalyst alcohol is formed: 

CH 5 CH-fH ,0 = CH,CHO; 

CH,CH 0 -|- 2 H = CH,.CH,OH. 
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Preparation of Ethyl Alcohol on a large Scale. 

Starting Materials.— Alcohol is prepared by the 
fermentation of some sugars, chiefly glucose. These ferment- 
able sugars are obtained from various sources. Thus the 
non-crystallizable residue, known as mMasses obtained 
during the manufacture of cane sugar either from beet root 
or from sugar cane, contains on an average about 50 per cent 
of fermentable sugars. These are hydrolyzed and fermented 
with the help of yeast to produce alcohol. The flowers of 
Bassia latifolia Roxb., known as Mahua flowers, which 
contain up to about 60 per cent (calculated on dry weight) 
of fermentable sugars, serve as a good source of alcohol 
in this country where the tree grows fairly wild. Even the 
waste sulphite liquors of the wood pulp industry which contain 
about 2 per cent of fermentable sugars are utilized for the 
preparation of alcohol. Thej .substances rich in starch s,\xch 
as potato and cereals such as rice, wheat, maize, barley, lye, 
etc., serve as important starting materials since starch can 
be easily hydrolyzed and fermented with the help of enzymes 
present in yeasts and moulds. Even materials rich in 
cellulose, which can be hydrolyzed to glucose by the action 
of sulphuric acid at a suitable temperature and high pressure, 
are utilized for the preparation of alcohol, and saw dust, 
wood or wood pulp has also been used for this purpose. 

■tk 

Hydrolysis and Fermentation of Starchy Materials, 

* 

Certain living cells such as yeasts, moulds or bacteria 
are known to secrete various organic catalysts and these are 
known as ferments (Latin, Jervere — to boil) or more correctly 
enzymes (GJf. en — zu'^ — yeast). The decomposition of 
sugars by enzymes present in yeast or other living cells with 
the formation of alcohol is known as alcoholic fetmenlation. 
The name fermentation came from the fact that during this 
process, especially in the case of alcoholic fermentation, the 
liquid has the appearance, of boiling owing to the evolution 
of bubbles" of carbon dioxide although there is scarcely any 
rise of temperature. Fermentation is, however, a general term 
meaning the breaking down of higher organic compounds 
into lower ones by the action of enzymes found in living 
cells although there may not be any production of CO^ gas. 

6 
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Thus, we shall come across other types of fermentation such 
as lactic acid jermentaiwn, butyric acid fermentation, butyl 
alcohol — acetone fermentation, etc. 

The species of yeast used by brewers for the production 
of alcohol is known as Saccharomyces cerevisiae. Yeast is a 
microscopic single celled fungus which is more or less ovoid 
in shape (Fig. 24) and measures 8 to 9 in 
diameter (i = o-ooi mm.). When 
allowed to grow in a sugar solution it rapidly 
multiplies by budding at an enormous rate. 
Yeast secretes several enzymes, the more 
Fig. 24. important of which for hydrolysis or alco- 
holic fermentation are maltase, inve^tase 
and zymase, the two former for hydrolysis of disaccharides 
(malt sugar and cane sugar) into monosaccharides (grape 
sugar and fruit sugar) and the third for the production of 
alcohol from sugar. The above species of yeast can ferment 
glucose, fructose and mannose readily while galactose is only 
slowly acted upon and lactose and pentoses are not attacked 
at all. Yeast grows most rapidly tetween 25'^ and 40® and 
its action almost stops when the percentage of alcohol reaches 
about 14 per cent. 

Manufacture of Alcohol from Potato Sfarc/i.— The 

crushed potatoes are heated with steam to about 130° to 
140° under a pressure of about 3 atmospheres. Thfe ynash, 
containing the starch granules liberated from the cells, is then 
tfeated with finely powdered malt (p. 83) at about bo*". 
The enzyme diastase of the malt converts the starch into 
dextrin and maltose and the enzyme maltase also present in 
the malt converts the maltose infij^ glucose. The liquid thus 
obtained contains the sugars and malt extract and is called 
wort. This is cooled and treated with pure cultures of yeast 
and the action is allowed to go on at about 30° . The maltase 
of yeast converts any unchanged maltose into glucose and the 
zymase of yeast then ferments the glucose into alcohol and ’ 
carbon dioxide. (When molasses is used, the invertase of 
yeast hydrolyzes the cane sugar into glucose and fructose 
which ^re then fermented by zymase.) After about 3 days 
the fermentation is complete and the liquid contains nearly 
13 per cent of alcohol together with various other products 
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^of fermentation mentioned below. The fermented liquid or 
''wash" as it is called is distilled in specially constructed stills, 
such as Coffey's still or Patent still, which not only distils the 
spirit but purifies or rectifies it at the same time in its frac- 
tionating column known as '' rectifier." The spirit thus 

obtained contains 90 to 95 per cent by volume of alcohol and 
is known as rectified spirit or 'patent still spirit'. 

Malt is prepared from barley grains. The whole 
grains are steeped in water for a while and allowed to swell 
and soften. They are then spread out on a warm floor and 
kept moist until small shoots appear. The germination is 
then stopped by moderate heat and ihe grains are brushed, the 
clean product being known as malt. During the germination 
of the barley grains the enzymes diastase and maltase are 
formed. Various maU preparations in medicinal use are 
prepared by mixing ap extract of malt with other substances. 

Amyl(|-process for the Manufacture of Alcohol. 

On the Continent, the mash contaiTiing starch liberated from the 
cells of starchy materials is treated with certain moulds, e.g. a species 
of mucor (Mucor racemosus), in place of matt. A gram of the mould 
is said to be equivalent to about 3 tons of malt. The starch is con- 
verted into glucose and both the hydrolysis and fermentation can be 
done in one operation by adding yeast along with the mould. 

In India, a similar method of fermentation of starch, usually rice 
starch, by m<^ulds has been known to tribal and hill peoples from 
ancient times. They used to distil liquor illicitly but now it is 
permitted by Government under license and it is carried out exten- 
sively for the manufacture of an alcoholic , beverage, known as 
Pachwai, containing a maximum of 12 per cent of alcohol. The 
fermenting agent is called bakJmr consisting of mucors and some wild 
yeasts made into balls with rice starch. The manufacturers some- 
times add powdered Datura seeds, Nux Vomica seeds or Aconite 
roots to the bakhar with the false notion of increasing the intoxicat- 
ing power of the beverage. The result of this practice sometimes 
proves disastrous to the consumers. 

The yield of alcohol from starch varies very much, depending 
upon the technique of fermentation and distillation. The tlieoretical 
yield is about 36 |:)er cent of the total weight of starch used but 
actually the yield does not exceed 48. per cent. 

Mechanism of Alcoholic Fermentation. The fermentation of 
glubose by yeast with the formation of equivalent amounts of alcohol 
and carbon dioxide m^ be expressed simply as follows : 
CyHinO , = 2C^H^0H+2d02. But the reaction is not so simple 

since we know that several by-products are formed. Thus, besides 
the evolution of carbon dioxide and the formation of about 13 per 



84 


ORGANIC AND TOXICOLOGICAL CHEMISTRY 


cent of alcohol, we get 3 to 4 per cent of glycerol, o-i to 07 per 
cent of higher alcohols or jusel oil, some acetic and succmic acid ^ 
together with smaller amounts of acetaldehyde, furjuraldehyde, 
pyruvic acid, esters, etc. 

Various theories have been advanced to account for these by- 
products and the one suggested by Meyerhof, which finds general 
acceptance, can be stated briefly as follows: Glucose is first 
converted into a hexose monophosphate < and a hexose diphos- 
phate. In the presence of the latter, which acts as a catalyst, the 
hexose monophosphate Is broken up into glyceraldehyde phosphate 
CHO.CHOH.CH.O.POjNa, which changes into a -glycerophosphate 
CH^OH.CHOH.CHXl.POaNa^ and disodium phosphoglyceric acid 
COOH.CHOH.CH.O.PO^Naj. The latter is hydrolyzed giving pyruvic 
acid which is then changed into acetaldehyde and carbon dioxide. 
The glycerol is formed by the hydrolysis of a-glycerophosphate. 
The acetaldehyde is reduced by glyceraldehyde phosphate to 
ethyl alcohol and the glyceryl phosphate is oxidized to phospho- 
glyceric acid. 

Fusel Oil. 

It is a mixture of several higher alcohols such as n- propyl alcohol, 
CHXHXH.OH, iso propyl alcohol n-butyl alcohol 

CH,.CHVCH,.CH, 0 H, is^butyl alcohol (CHJXH.CHXIH, tertiary 
butyl alcohol (CHj)j.C.OH, n-amyl alcohol CH3. (CHJj.CHoOH, 
active amyl alcoho] C2H3. CH3OH, isoamyl alcohol 

(CH3)2CH.CH2.CH20H, together with some other higher homologous 
alcohols and esters. The chief constituent is isoamyl alcohol which is 
also known as fermentation amyl alcohol. 

The fusel oil is derived from the amino acids obtained from the 
proteins of the medium or from the autolysis of yeast cells. Thus 
j\sobutyl alcohol is probably derived from valine, active amyl alcohol 
from isoleucine, and 25 oamyl alcohol from leucine. The presence of 
succinic acid is also attributed to one of these amino acids known as 
glutamic acid: 

(CH3)2CH.CH(NH2).C00H j-(CH,) 2CH.CH20H -f NH3 -f CO2 

Valine /sobutyl alcohol 

C2HXH(chj.ch(nh;),cooh 

/ 50 leucine ' C.H^.CH (CH3).CH20H+NH3 f CO, 

> Active amyl alcohol 

(CH3)2CH.CH2.CH(NH^).C00H ^ 

Leucine (CH3)2CH.CH2.CH20H-f NH^-fCO^ 

/^oamyl alcohol. 

COOH.CH2 CH2.CH(NH2).C00H 

Glutamic acid COOH.tH2.CH2.COOH+ NH^-f CO3 

Succinic acid 

The rectified spirit of the British Pharmacopceia 
shoujd have a sp. gr. between 0-832 and 0-835 I5'5° 
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and corresponds to about 90 per cent of alcohol by 
volume and about 86 per cent of alcohol by weight. The 
absolute alcohol of B.P., also known as dehydrated alcohol, 
should contain not less than 99-4 per cent by volume and 
990 per cent by weight of alcohol and a sp. gr. between 
07936 and 07967 at 15-5°. 

Preparation of Absolute Alcohol and Anhydrous Alcohol. 

— It has been found that rectified spirit containing 95*6 per 
cent of alcohol forms a constant boiling mixture or azeotropic 
mixture with a boiling point of 78' 13'^ at 760 mm. It is not, 
therefore, possible to dehydrate this alcohol further by frac- 
tional distillation alone. On a large scale, the process known 
as the azeotropic process is utilized to dehydrate rectified 
spirit and it yields nearly 99 9 per cent of alcohol. The 
rectified spirit is mixed with a definite proportion of benzene 
and distilled. A constant boiling mixture of water, alcohol 
and benzene (b.p. 65*^) first comes over, then another constant 
boiling mixture containing alcohol and benzene (b.p. 68-2°) 
distils over leaving behind pure alcohol which is obtained 
by further distillation. In the laboratory <, however, one 
can prepare absolute alcohol by treating rectified spirit 
with freshly ignited quicklime (CaOi and redistilling. An 
alcohol containing 03 to 0*5 per cent of water can be thus 
obtained. To prepare perfectly anhydrous alcohol, the 
absolute alcohol can be treated with metallic calcium, or 
calcium carbide or magnesium amalgam and redistilled. 

The term proof spirit is in common use in the excise 
department and oririnates from the old custom of testing 
the strength of a ssmple of alcohol by pouring it on to gun- 
powder and then igniting it. The most dilute alcohol 
which would ignite the gunpowder was called proof spirit. 
As laid down by the Act of Parliament, proof spirit should 
contain 49*24 parts by weight or 57*06 per cent by volume 
of alcohol and a sp. gr. of 0 9197 at 6o°F. Spirits weaker or 
stronger than proof spirit are known as Under or Over Proof 
(U.P. or O.P.). A 20irper cent U.P. spirit means that 100 
volumes of this spirit contain only 80 volumes of proof spirit, 
while a 20 O.P. spirit means that 100 volumes of this spirit 
when dUuted with water would give 120 volumes of proof 
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spirit. Thus, the rectified spirit is 5779 O.P. and absolute 
alcohol 75*35 O.P, spirit. 

Methylated Sparit or Denatured Spirit. 

Rectified spirit is made unfit for drinking purpose, or 
denatured as it is called, by mixing it with offensive smelling 
and unpalatable substances and is sold duty free for domestic 
use. Thus rectified spirit denatured by 0 5 per cent each 
of pyridine bases (obtained from coal tar and not from bone 
oil) and caoutchoudne (obtained by distilling scrap rubber) 
is sold in this country as methylated spirit. For industrial 
use, the rectified spirit is denatured by mixing it with various 
denaturants according to the nature of the industry. The 
term methylated spirit is a misnomer in this country, but it 
is in vogue on account of the fact that this spirit in European 
countries contains about 5-10 per cent of crude methyl 
alcohol or wood naphtha. 

N.B. Real methylated spirit, i.e., spirit denatured 
with wood naphtha, may cause blindness if taken internally 
for some time but the so-called methylated spirit of this 
country would produce no such harmful effect on the eye 
under the same conditions. 

Alcoholic Beverages, 

The various alcoholic beverages are obtained either by directly 
fermenting different fruit juices which contain sugars or by ferment- 
ing the saccharine liquid obtained by the action of malt upon starchy 
grains. The fermented liquids are either directly consumed (like 
Wine, ale^ beer, etc.) or they are subsequently distilled to obtain 
spirihs (such as whisky, brandy, gin, etc.^ in which the percentage of 
alcohol is high. 

A. Beverages from saccharine juices wh^i are used without 

subsequent distillation : 

(1) From grapes: champagne, 11-12% alcohol; port, 20-24% ; 
sherry, 16-18% ; etc. 

(2) From apples: cider, 4-6%. 

(3) From palm juice (palmyra palm and date palm) : toddy 
or Tari, 4 — 6%. 

B. Beverages from starchy grains, without ^subsequent distillation: 

(i,) From barley: beer 3-6% ; ale 2-6% ; etc 

(2) From rice ; sakS, 10-15% ; pachwai, 6-12% ; etc. 

C. Beverages from saccharine juices, with subsequent distillation: 

(i) From wine: brandy, 43-60% ; etc. 
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(2) From molasses: rum, 43-60% ; Indian country liquor, 
15-40%. 

(3) From Mahua flowers: Indian country liquor, 15-40%. 

D. Beverages from starchy grains, with subsequent distillation: 

(i) From barley, wheat, maize, etc.: whisky, 43-60%; gin, 
38-50% ; etc. 

Uses of Ethyl Alcohol. 

It is a good solvent for many organic substances and is 
widely used in the laboratory for the isolation of drugs or for 
the purification of drugs and chemicals as also in various 
industries. Alcoholic solutions of drugs are known as tinctures 
and alcohol is, therefore, used in pharmacy for preparing 
tinctures and extracts since alcohol acts as a good preserva- 
tive. It serves as the starting ^naterial for medicinal chemicals 
like ether, chloroform, chloral hydrate, iodoform, etc. Used 
as a fuel in motor cars it is known as ''power alcohol,'’ As 
methylated spirit it is used as donvestic fuel for spirit stoves, 
etc., as well as for the preparation of varnishes, etc. Alcohol 
absorbed in soap gives solidifi-ed spirit which serves as a 
portable solid fuel for lamps, etc. Alcohol is used to preserve 
anTtiomical and pathological specimens and as an antiseptic 
and sterilizing agent in surgical practice. 

Properties and Reactions of Ethyl Alcohol. 

This is a mobile colourless liquid with a characteristic 
pleasant smell and a burning taste. The boiling point of 
anhydrous alcohol is 7830° (760 mm.). As it freezes at a 
very low temperature ( — 112'') it is used in the preparation 
of minimuni thermometers. Anhydrous alcohol has a sp. gr. 
of 07936 at 15° and 07894 at 20°. Pure alcohol is very 
hygroscopic and absorbs moisture when exposed to the air. 
It is miscible with water in all proportions. When mixed 
with water there is an evolution of heat and contraction of 
volume; a mixture of 52 vols. of alcohol and 48 vols. of water 
becomes 963 vols. Taken internally, alcohol diminishes 
oxidation in the body and shows an antipyretic action. It 
also favours the accumulation of fat in the body. 

It is inflammable and bums in the air with a pale blue 
non-luminous flame, 'being oxidized to CO^ and H^O: 
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CaH,,OH + 30„ = 2C03 + 3 H 20 . Being a primary alcohol 
it is first oxidized to an aldehyde and then to an acid; 

0 O 

CH.CILOH CH3CHO V CHjCOOH 

Acetaldehyde Acetic acid 

The oxidation to acetaldehyde can be effected by potassium 
dichromate and moderately strong sulphuric acid; if the 
reaction is allowed to continue acetic acid is produced. With 
metallic sodium, alcohol gives sodium ethoxide or alcoholate 
with the evolution of hydrogen: 

2C,H30H4-2Na = 2r jT ONa + H, 

Na -ethoxide 

With phosphorus pentachloride, the OH group is replaced 
by chlorine: 

CH,OH+ PCI, * CJIClo-POCl.-fHCl 
Ethyl 
chloride 

When heated with acetic acid in presence of a catalyst such 
as cone. H^SO, ethyl acetate is obtained: 

C,H-.OH + CfI,COOH = CiI,.COOC,H,+H ,0 

Ethyl ficetate 

With concentrated sulphuric acid,’ alcohol forms ethyl 
hydrogen sulphate; 

CJLOH + H,SO, = C,_,H,HS 0 , + H,0 
Ethyl hydrogen 
sulphate 

If the sulphuric acid is in excess, and the mixture is heated, 
ethylene is formed: C,H.HSO, = CH3:CH„ + H3SO,, If, 
on the other hand, the alcohol is present in excess, ethyl 
ether (p, 126) is formed ; 

C,H,PH+C,H^HSO, = C.JTj.O.C.H +1150, 

Ethyl ether 

Chlorine oxidizes alcohol to acetaldehyde: 

CHjCHpH+Cl, = CH,CH0+2HC1 

If there is excess of chlorine, chloral is formed; 

,CHpH 0 + 3 Ch = CCh.CH 0 + 3 HCl 
Chloral 

Bromine produces a similar reaction. 
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Iodine, in presence of an alkali, gives iodoform (p. 69) : 

C,H,OH4-4l,+6NaOH = CHIj+H.COONa+sNal +5H,0 
Iodoform Na-formate 

Like methyl alcohol ethyl alcohol also combines with 
certain inorganic salts forming 'alcohol of crystallization' 
similar to water of crystallization, e.g-, CaCl2.4C^H50H, 
MgCL.bC.H.OH, etc. 

On account of this property of alcohol it cannot be dehydrated 
by anhydrous CaCL and lime CaO is used instead. 

Tests for Ethyl Alcohol. 

(1) Iodoform Reaction, The equation for the reaction has been 
given above. To carry out the test, take 2 — 3 c.c. of a dilute 
solution of alcohol in a test tube, add 4 or 5 .drops or more of a 
strong solution of I in KI to impart a brown colour and then add a 
10 per cent solution of sodium carbonate or caustic soda drop by 
drop until a faint yellow colour remains. Warm on a water bath 
(temperature not exceeding 70 °C) when the yellow crystals of 
iodoform, recognized by its smell and its hexagonal form under the 
microscope, will separate (Fig. 45, p. 467J. The reaction is very 
sensitive and can detect even one part of alcohol in 1000 parts of 
water, but it must be remembered that it is given by other sub- 
stances such as acetone, acetaldehyde, isopropyl alcohol, amyl 
alcohol, lactic acid, ethyl acetate, acetoacetic ester, etc. \ It is 
however, not given by methyl alcohol. 

If only a trace of alcohol is present, the crystals of iodoform 
will separate after long standing and are detected only under the 
microscope. 

(2) Ethyl Ac<itate Test. Take a few drops of the alcohol in a 
test tube containing 0'3 g. of anhydrous sodium acetate and add 
a few drops of cone. H.SOj ; warm gently and pour into a dilute 
.solution of sodium carbonate. A fruity odour of ethyl acetate is 
'^"rceived. 

{(') Acetaldehyde Test, Take 5 c.c. of a cone, aqueous solution 
of potassium dichromate, add i c.c. of cone. H^SO^, warm and add a 
few drops of tlie alcohol. The solution turns green and a pungent 
odour of acetaldehyde is perceived. The aldehyde can be distilled 
over to another test tube containing some cold water ; on adding 
Schiff's reagent to the distillate, a pink colour is obtained. 

For other tests see Toxicology (p. 467*) 

Determination of Alcohol In Wines, etc. 

When mixed wdth water alone, tlie alcohol can be estimated by 
finding its specific gravity at 15*5 °C (6o°F), best with the help of a 
specific gravity flask. Tables are found in text books giving the 
percentage of alcohol both by volume and by weight and the 
•corresponding sp. gr. at i5*5X. 
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In wmes or other alcoholic liquids, the alcohol is estimated' as- 
follows: A known volume (loo c.c.) of the liquid is neutralized with 
dilute caustic soda to fix the volatile acids present and transferred 
with a little water to a distillation flask connected with a vertical 
' spiral condenser (Standard Revenue Still). About 8o c.c. of the 
distillate which contains the whole of the alcohol is colleeted in a 
lOO c-c. measuring flask and the volume made up to the mark with 
distilled water. The sp. gr. of the distillate is determined at i5-5°C. 
The percentage of tlie alcohol is then found out by referring to the 
tables. The distillation is necessary because the sugary substances 
and other extractives vitiate the sp. gr. and hence direct observation 
is useless. 

Avertin, Tribronioethyl alcohol, CBr^-CH^OH 

This is prepared by the action of aluminium ethoxide on. 
tribromacetaldehyde : 

Ahethoxide 

CBr.CHO ^ CBr^-CITOH+CH^CIlO 

It is used as an anaesthetic and is given per rectum. 

Some Higher Saturated Monohydric Alcohols. 

n~Propyl Alcohol^ CH^CHXH.OH. — Occurs in fusel oil ; colour- 
less liquid, soluble in water, b.p. 97*19° {760 mm ), sp. gr. 

0*8044 (20°). 

Isopropyl Alc-ohol; CHXHOH.CH.,. Prepared by reduction of 
acetoni and used as a solvent ; colourless liquid, miscible with water, 
b.p. 82*85° (760 mm.'), sp. gr. 0*7887 (20°). 

n-Butyl Alcohol. CH^CHjCHXHXH. — Prepared by the fermen- 
tation of starch and sugars with special bacteria (Clostridium 
butylicuni) ; colourless liquid, dissolves in ii volumes of water at 
15° ; used as solvent 'for lacquers and in the form of esters as 
plasticizers in cellulose paints and varnishes and the preparation of 
cellophane ; b.p. 117° (760 mm.J, sp. gr. 0*8097 (20°). 

Isobutyl Alcohol, (CHJXH.CHXH. — Occurs in fusel oil 
colourless liquid ; one part dissolves in 10 parts of water at 15“ , 
b.p. 108° (760 mm.), sp. gr. 0*8003 (18°). 

Tertiary Butyl Alcohol, (CIXja.C.OH. — Occurs in fusel oil ; 
colourless liquid, miscible with water, b.p. 82*55° (760 mm.,), sp. gr. 
0*7864 (20°). 

n-Amyl Alcohol, CH,. (CHj’lg.CHjOH. — Colourless liquid, in- 
soluble in water; b.p. 137° (740 mm.) ; sp. gr. 0*8168 (20"). 

Active Aynyl Alcohol, C.H,.CH(CH3).CHoOH. The laevorotatory 
alcohol occurs in fusel oil ; [ « ] d — 5 '9° I colourless- 

liquid, b.p. 128°, sp. gi*. 0'8i6 (20°). 

IsOamyl Alcohol, Fermentation Amyl Alcohol, 

CHj.CHjOH.^* — C hief constituent of fusel oil; colourless liquid; 100 c.c. 
water dissolve 3*28 c.c. alcohol, b.p. 130° (760 mm.), sp. gr.- 
0*8064 (25°). 
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Tertiary Amyl Alcohol, Amylene Hydmte, (CHj)2C(OH). 
CoH,. — Prepared by treating trimethyl ethylene (amylene), 
CHXH.CHj. with sulphuric add and distilling the amylene sulplmte 
formed with an alkali; colourless liquid with a sharp smell like that 
of camphor and peppermint and a pungent taste; dissolves in 8 parts 
of water ; m.p. — 12°, b.p. 102*’ ; sp. gr. 0*8143 (15°) ; used as a 
hypnotic. 

n-Octyl Alcohol, CH3. (CH2)e.CH20H. — Occurs as an ester of 
acetic acid in the essential oil from the common cow parsnip, 
Heracleum splumdylium L. ; liquid with aromatic smell, m.p. — 15°, 
b.p. 195-5°- gr., 0-8266 (21"). 

Cetyl Alcohol, n-Hexadecyl Alcohol, CH3.(CH2)i4.CH20H. — 
Occurs in spermaceti, the wax found in the head of sperm whales, as 
an ester of palmitic acid ; colourless solid, soluble in ether and 
jx^troleum ether and in hot alcohol, insoluble in water ; crystallizes in 
plates ; m.p. 48° sp. gr., 0-8105 (60'"'). 

Ceryl Alcohol, CocLLjOH. — Occurs in Chinese wax as the ester of 
ccrotic acid; colourless solid, insoluble in water; m.p. 79°. 

Myricyl Alcohol, Melissyl Alcohol, CaoH^-OH. — Occurs in bees 
wax as an ester of palmitic acid ; colourless solid, insoluble in water; 
crystallizes in plates ; soluble in benzene, petroleum ether and hot 
alcohol, m.p. 88°. 

B. Unsaturated Mbnohydric Alcohols. 

The unsaturated alcohols exhibit the chemical properties 
of alcohols and unsaturated hydrocarbons. 

AUyl Alcohol, CH, = CH.CH.OH 

It occurs to a very small extent in wood spirit. It can 
be prepared by heating glycerol with oxalic acid and a little 
ammonium chloride to about 220° — 230^, It is a colourless 
liquid with an irritating smell; miscible with water in all 
proportions; b.p. 96-6° (760 mm.); sp. gr. 0*8540 (20°), 
The monovalent unsaturated group C.,H5 or CH^.'CH.CHj — 
is known as the allyl radical. 


Geraniol, 2 : 6-Dimethyl octadiene-2 : 6-oL 

: CH.CH2CH2.C(CHd : CH.CH.OH. 

This is found in the free state in essential oils like citronella oil. 
oil of palmarosa, oil of rose geranium, etc. Colourless liquid with a 
smell of rose ; b.p. 230° (760 m.mj. sp. gr. 0-8829 (15-5*°). 
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POLYHYDRIC ALCOHOLS AND ENZYMES 

A. Dihydric Alcohols or Glycols. 

We have already seen that by the substitution of one 
atom of hydrogen in ethane CH3.CH3 by a hydroxyl group 
we get the monohydric alcohol CH3.CH2OH. It may, 
therefore, be expected that a dihydric alcohol, ethylene glycol 
CH2OH.CH2OH, would result by the substitution of two 
atoms of hydrogen attached to two different carbon atoms of 
ethane by two hydroxyl groups. As compounds having two 
OH groups attached to the same carbon atom are verj^ 
unstable (an exception being chloral hydrate, see p. 118) 
the substitution of two atoms of hydrogen attached to the 
same cal^bon atom of ethane by two hydroxyl groups v^ould 
result in the formation of the unstable compblind 
CH3.CH(0H)2 which readily loses a molecule of water 
and gives an aldehyde: 

CH,.CH(OH), = CJI^CHO -f- IhO. 

Dihydric alcohols may be expected from other 
hydrocarbons and we know of such compounds as 
propylene glycol CH3.CH(OH) .CH2OH, trimethylene glycol 
CH^OH.CHo.CH^OH, and so on. All these dihydric 
alcohols are designated as glyiols, the word bv‘in-{ derived from 
the simplest member ethylene glycol which is also known 
simply as glycol from its sweet taste (Gk. g/w/ews— sw^eet) 

Ethylene Glycol, Glycol, CH2OH 

I 

CH^OH 

Synthesis. 

(i) By .the action of dilute potassium permanganate on 
ethylene: 

CH,:CH, -f H,0 + O -nCH,OH.CH,OH 
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(2) By boiling ethylene dibromide with a dilute solution 
of potassium carbonate: 

CH.Br CH,OH 

I * + KXO3 -f H.O = I + 2KBr + CO, 

CH.Br CHXH 

Preparation, 

On a large scale, this is prepared by treating ethylene 
with hypochlorous acid at a low temperature to obtain 
ethylene chlorohydrin. The latter is then boiled with a mild 
alkali like sodium bicarbonate or milk of lime and glycol is 
formed. The solution is concentrated and the glycol extracted 
with a mixture of alcohol and ether. 

CH, : CH, + HOCl = CH.Cl.CHXH 

Ethylene chl(^ohydrin 

CHXl.CHXH -f HX = CHXH.CHXH + HCl 

Properties^ Uses and Reactions. 

It is a thick, colourless liquid with a sweet taSte, m.p. 
—i§' 6 \ b.p. 1970 (760 mm.)> sp. gr. 1-1097 (25°). It is 
readily soluble in water and alcohol, but sparingly so in 
ether, 100 parts of ether dissolving only i-i parts of glycol. 
It is hygroscopic. 

It is used as an antifreeze for aeroplane and motor car 
radiators, since a mixture of glycol and alcohol freezes at a 
very low temperature. It is also used as a solvent, as a 
preservative and as a substitute for glycerol. 

As a dihydric alcohol, glycol gives all the reactions of 
the OH group with reagents like metallic sodium, phosphorus 
pentachloride, acetyl chloride, etc. On oxidation it may 
produce a variety of aldehydes and acids as will be apparent 
from the following formulae: 


CH.OH CHO 

I I 

CHfiH CHXH 

Glycol Glycollic 

aldehyde 


CHO COOH 

I I 

CHO CHXH 
Glyoxal Glycollic 
acid 


CHO COOH 

' I 

COOH COOH' 
Glj^Dxalic Oxalic 
acid acid. 


Ethylene Oxide. CLL — CH, 


O 

This is obtained by distilling ethylene chlorohydrin with a solutioir 
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of caustic potash. It is a gas, soluble in water, b.p. 12-5'' ; used 
as an insecticide. 


CHjCl.CHjOH + KOH 


= CH, — CH3 -p KCl + H ,0 

\/ 

o 


Dioxan, Dieihylene dioxide, i : 4 Dioxan^ 


O 


^CH.. ~ CIL 
— CH, 



This is prepared by distilling grlycol with concentrated H.,SO^ or 
anhydrous ZnClj*. 

HO.CH,.CH,OH 

+ 

HO.CH,.CH,OH 

■ This is a mobildfcliquid with an aromatic smell, soluble in alconol 
and ether, and is used as a solvent in industries; b.p. 101“ (760 mm.); 
sp. gr. 1-0329 (20*^); m.p. ii'*. 

Triethanolamine, N(CH3.CH20H), 

This is prepared by passing ethylene oxide into an excess of a 
well*cooled concentrated ammonia and allowing the mixture to react 
for several hours. The mixture of mono-, di- and tri-ethanolamines 
thus formed is separated by fractional distillation in vacuo. The tri- 
derivative distils at 150 mm. between 250'’ — 280°. It is a hygros- 
copic liquid and its salts with oleic, palmitic or stearic acid are used 
as emulsifiers in the manufacture of many pharmaceutical prepara- 
tions. 

B. Trihydric Alcohols. 

The trihydric alcohols are obtained by the substitution 
of three hydrogen atoms attached to three different carbon 
atoms of a hydrocarbon by OH groups. We may expect 
various trihydric alcohols, such as trihydroxy prof>ane or 
glycerol CHoOH.CHOH.CH^OH, a, y?, y-trihydroxy butane 
CH3.CHOH.CHOH.CH2OH, a, p, y-trihydrcxy pentane 
CH3.CH2.CHOH.CHOH.CH2OH, and so on. Of these, 
glycerol is the only member which is of much medicinal 
importance. 

Glycerol, Glycerine, Trihy dr oxy propane, C ^ {OYl) ^ 

CH,OH 

I 

GHOH 


.CH, — CH, 

0 (^ -f 2H,0 

XH.. — CH. ^ 


CH,OH 
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Occurrence . — This is a normal constituent of all natural 
fats and oils which are the glyceryl esters of the higher fatty 
acids. It is formed in small quantities during the alcoholic 
fermentation of sugars and it is stated to be present in minute 
amounts in normal blood. 

Synthesis of Glycerol, 


(i) From, acetone: 


CH, 


CH, 

CH, 

AJcoholic 

cn. 

1 


( 

1 

KOH 

il 

CO - 

^ 

CHOH V CHI 

^ 

CH , 

1 

H, 

1 HI 

1 


1 

CH, 


CH, 

CH, 


CH, 

Propylene 

Acetone 

Isopropyl 

Isopropyl 



alcohol 

iodide 




CH,C1 

CHXl 


CH,OH 




CHCl 

j 

CHCl 

^ 

j 

CHOH 


Cb 

1 

ICl 1 H,0, heat 1 



CH. 

CHXl 

under 

CH.,OK 

1 : 2 Dichloro- • 

Glyceryl 

pressure 




propane trichloride 

This synthesis clearly establishes the constitution of 
glycerol. 

(2) From Petroleum: Propylene is readily obtained by 
the cracking of petroleum at a suitable high temperature and 
pressure, and from propylene glycerol can be synthesized as 
shown above or by the following method: 


CH, 

CH:, 

Heat CH, 

CH, 

1 

Ch 1 

200 ° II KOH 

II 

CH - 
11 

-V (CHCl 

J- CH ^ 

CH 

1 , 

II 

CH, 

CHXl 

1 

CH,C1 

1 * 

CH,OH 



AHyl chloride 

Allyl alcohol 


CHXl CH,v CH,OH 

HOC! I Ca(OH), ' )0 Hydrolysis | 

CH.OH CH/ CHOH 

CH,OH 


CH.OH 


CH,OH 
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Manufacture of Glycerol. 

(3) . 4 s a By-product of Soap Manufacture. When a 

neutral fat or oil is boiled with caustic soda, the glycerol is 
liberated according to the following equation and soap {i-e-, 
a mixture of the sodium salts of the higher fatty acids) is 
formed, e.g., 

C^H.iO.CO.RJ, + sNaOH = + 3R,COONa, 

where R is a higher alkyl radical. For instance, 

C,H,(O.CO.C,,H,.),, + 3NaOH = C,H,(OH), + 3C,,H,,COONa 
Glycer>"l ester of Glycerol Sodium palmitate 

Palmitic acid (soap) 

The oil or fat from animal or vegetable sources is taken 
in a large cylindrical iron^ vessel, known as the soap kettle, 
and heated in a current of steam with the calculated amount 
of NaOH. When the hydrolysis (saponification) is complete, 
some common salt is added in order to ''salt ouf ' or separate 
the soap which being less soluble in brine floats up. The lower 
aqueous layer, known as the spent lye, contains from 4 to 
8 per cent of glycerol together with various impurities, it 
is first faintly acidified with HCl and aluminium sulphate 
added in order to precipitate all the dissolved soap and fatty 
acids and filtered. The filtrate is made slightly alkaline and 
concentrated in steam heated pan under reduced pressure. 
When the concentration of glycerol reaches about 80 per cent, 
it is decolourized by treatment with activated charcoal and 
filtered. The liquid is finally distilled in high vacuum when 
gtycerol is obtained as a colourless liquid. 

^ (4) As a By-Product in the Manufacture of Candles . — 
A mixture of pgraffin wax and stearic acid an^ other solid 
f^tty acids is used in the manufacture of candles. To obtain 
these higher fatty acids, fats are hydrolyzed by superheated 
steam with a little sulphuric acid or lime. The spent lye 
obtained in this process is utilized for the manufacture of 
glycerol exactly in the same way as described above. 

(5) By the Fermentation of Sugars, — It has been 
mentioned before that during the alcoholic fermentation of 
sugars by yeast a certain amount of glycerol (3 to 4 per cent) 
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is produced as a by-product. Due to a shortage of fats and 
oils this biological process been improved during the Great 
War of 1914-1918 and an yield of 20 to 24 per cent of glycerol 
has been attained by adding some sodium sulphite at intervals 
during the process of fermentation, the sulphite being con- 
verted into bisulphite by the action of CO2: 

Na.SOj -f CO, -f H,0 - NaHSO, -f NaHCO^ 

The glycerol is recovered and purified as before by distillation 
under reduced pressure. 

(4) Glycerol may also be prepared by the action of a 
fat-splitting enzyme, lipase, on fats and oils. This enzyme 
occurs in oil seeds, notably in castor seeds, and the hydrolysis 
proceeds as follows under suitable conditions: 

C,HdO.CO.C,,H3.h + 3 HP = c.HAon), + 3C,,H3,cooh. 

GIycer>'I palmitate (fat) Glycerol Palmitic acid 

Properties and Reactions. 

Glycerol is a colourless, odourless, syrupy liquid having 
a sp. gr. of 1*2604 20°. It has a sweet taste and is hygros- 

copic. It mixes with water and alcohol in all proportions but 
is insoluble in ether and chloroform. The presence of many 
OH groups accounts tor its sweet taste, solufcility in water 
and alcohol and its insolubility in ether. It is soluble in 
ethyl acetate to the extent of about 9 per cent. It boils at 
290° with slight decomposition but it can be distilled under 
reduced pressure without any change; b.p. 162® (10 mm.), 
210" (50 mm.). It is volatile with steam. Glycerol dissolves 
many inorganic substances such as borax, boric acid, 
Ca(OH)2, lead oxide, alum, etc. 

When heated with dehydrating agents like P2O5 or 
KHSO4 glycerol gives the unsaturated aldehyde, acrolein, 
which is recognized by its peculiar pungent odour: 

CH,OH.CHOH.CH,OH = CH,:CH.CHO +'2H,0 

Acrolein 

On oxidation, glycerol gives rise to a variety of products 
which depend upon the nature of the oxidizing agent used. 
Thus we may get: 

7 
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CH,OH 

1 

CH.OH 

1 

CH3OH 

COOH 

1 

COOH 

1 

1 

CHOH 

1 

1 

CO 

1 

1 

CHOH 

I 

1 

CHOH 

1 

1 

CO 

1 

1 

CHO 

1 

CH,OH 

1 

COOH 

1 

COOH 

1 

COOH 

Glyceric 

Di hydroxy 

Glyceric 

Tartronic 

Me^oxalic 

aldehyde 

acetone 

acid 

acid 

acid 


A mixture of glyceric aldehyde and dihydroxy acetone, 
obtained by the oxidation of glycerol with dilute nitric acid, 
is called glycerose. When glycerose is treated with an alkali 
it yields the optically inactive (dl) fructose by the process 
known as aldoi condensation (see p. ii6): 

CH^OH.CHOH.CHO + HO . 1 1 ,C,CO.CH,OIi - 
Glvccrose 

CHpH.CHOH.CHOH.CHOII.CO.CHpH 
dl- Fructose 

When HCl gas is passed through glycerol, monochloro- 
hydrin of glycerol is formed CH.OH.CHOH.CHoCl. But 
when a mixture of i part of glycerol and i part of glacial 
acetic acid is saturated with gaseous HCl and heated to 130'', 
the two terminal OH groups are replaced by Cl and dichlor- 
hydrin of glycerol is formed, CH^Cl.CHOH.CH^Cl, which 
may be reduced to secondary pmpyl alcohol by nascent 
hydrogen. By the action of PCI3, all the OH groups are 
replaced by Cl and glyceryl trichloride, CHXl.CHCl.CH^Cl, 
is formed which resembles chloroform in smell . 

When treated with a mixture of strong HNO3 and 
112^0^, it forms nitroglycerine or glyceryl trinitrate: 

C,n,{OU], + 3HO.NO, C3lL(O.N(L)3 -f 3H.0 

It is readily oxidized by KMnO^ with evolution of so much 
heat that it catches hre and burns with mild explosion. The 
glycerol is oxidized to CO, and H^O, and the KMnO^ is 
reduced to Mn02 and KOH, and the residue becomes 
strongly alkaline. 

Uses of Glycerol. 

Glycerol is used in medicine for soothing inflamed 
surfaces as in the preparation of throat paints, etc., for the 
preparation' of glycerophosphates, for the manufacture of 
cosmetics, transparent soaps, plastics (glyptal resins) and 
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in colour printing, as an antifreeze in motor car radiators 
in cold countries, as a preservative for fruits and to a large 
extent in the preparation of the explosive nitroglycerine, 
which plays a very important part in modem warfare. 

Tests for Glycerol. 

(i) When heated with potassium bisulphate KHSO^ it yields 
vapours of acrolein which is recognized by its characteristic pungent 
■odohr as also by its blackening a filter paper moistened with a 
solution of ammoniacal silver nitrate. 

(2') Take 2 or 3 c.c. of a 5 per cent solution of borax and add 
2 drops of pheiiolphthelein, a red colour is obtained ; add a neutral 
solution of clvcerol in water (about 20 per cent) drop by drop, the 
red colour disappears. This disappearance of colour is due to the 
formation of sodium glyceroborate which is less alkaline than borax. 
Warm and the red colour appears ; cool and the colour disappears 
{Dunstan' s Test). Other poiyhydric alcohols give this test but not 
so stronorly as glycerol. 

(3) Heat borax and NaXO, in a platinum loop and moisten with 
glycerol a green liame is produced. 

Derivatives of Glycerol. 

Glycerides and Glycerophosphates — The esters of glycerol 
with organic acids are known as glycerides. The fats and 
oils (see p. 165) are all glycerides of higher fatty acids. Thus 
st-earin or glyceryl tristearate, found in fair amounts in mutton 
fat, is the e^ter of glycerol with three molecules of stearic 
acid. Similarly olein is glyceryl tnoleate, and so on. 

CH„0.C0.C,,H33 , CH.OXO.C,,H,, 

I ' I ‘ 

CH0.C0.C,,H3, cho.co.c,,h„ 

I I 

CH,O.CO.C,,H,, CIX 0 .C 0 .C,,H 35 

Olein Stearin 

On heating glycerol with phosphoric acid, we get either 
or p-glycerophosphoric acid: 


CH^OH 

CHOH 

OH 

\ 

CH.OH 

1 


CHXH 

1 

CH,OH 

T 

0 

0 

1 

— CHOH 

1 

or 

CH.O.PO(OH), 

1 


OH 

CH,O.PO(OH), 

CHXH 


a -Glycerophos- P -Glycerophosphonc 
phoric acid acid. 
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Lecithin, a lipoid (p. 173) found in animal and vegetable 
tissues, is a derivative of ^-glycerophosphoric acid. The 
calcium and iron salts and various other preparations of 
glycerophosphoric acid are used in medicine. 

Nitro-glycerine, Glyceryl trinitrate, CHp.NO^ 

1 

CHO.NO, 

I 

CHp.NOj 

This is prepared by treating glycerol with a well-cooled 
mixture of. fuming nitric acid and concentrated sulphuric 
acid. The ester is then washed with water and dilute sodium 
carbonate. 

This is a colourless, odourless, oily liquid with an initial 
sweet but a burning after taste. It has a sp. gr. of 1-6009 
at 15'' and a m.p. of I3'2°. One gram dissolves in about 
800 c.c, of water or in about 4 c.c. of absolute alcohol; it is 
mi^ible with ether, chloroform and glacial acetic acid. It is 
poisonous and its vapour produces headache and even loss 
of consciousness. 

It is called Nobel's Explosive Oil since it explodes with 
terrific violence when it is struck or heated quickly in bulk. 
This explosion is due to the sudden liberation of a large 
volume of gas by its decomposition: 

2C,H,(0.N0J, ^ 3 N, -f 6 CO 3 +0-4- 5H,0 

If, however, it is ignited in small quantities at a time it bums 
quietly. 

Dynamite is made by mixing nitroglycerine with 
Kieselguhr,^ a i/ery porous and light diatomaceous earth con- 
sisting mainly of silica. Many other explosives such as 
blasting gelatine (gelignite) for mining, and cordite or smoke- 
less powder for rifle cartridges, etc., are made by mixing 
nitroglycerine with various substances. It was Alfred Nobel, 
a Swedish chemist, who first (1867) prepared safe explosives 
’mth matures of nitroglycerine and other substances. The 
Nobel Prize is given in his name. 

Nitroglycerine is used in medicine in i per cent alcoholic 
solution (Liquor Trinitrini) in very small doses in asthma, 
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in lowering high blood pressure, and in heart troubles 
(angina pectoris). The name nitro-glycerine is misleading 
as it is not a nitro compound but an eder of nitric acid. 
When treated with KOH it is hydrolyzed to glycerol and 
KNO3, whereas a nitro compound {e.g. ^21^5^02) is not 
hydrolyzed under the same conditions. 

C. Some higher Polyhydric Alcohols. 

Tetrahydric Alcohols. CH..OH.(CHOH),.CH,OH ; e.g. Ery^ 
thritoJ, Erythrol or Erythrite ; found as an ester in lichens and in 
some sea weeds ; crystalline solid with a sweet taste, m.p. 89° (d-) ; 
soluble in water and in boiling alcohol but insoluble in ether. Its 
tetranitrate is an explosive and also used in medicine. 

Pentahydric Alcohols. CH,OH.(CHOH)3.CH.OH ; e.g. 
Arabitol ; prepared by reducing arabinose ; crystalline sohd with a 
sweet taste ; easily soluble in water and in boiling alcohol ; m.p. 
102° ( 1 -). Another pentahydric alcohol adonitol or adonite is used 
in making bacteriological media. 

Hexahydric Alcohols, CH,OH.(CHOH),.CH.OH ; e,g„ 

Mannitol, Mayinite ; occurs in wanna, the dried sap of various 
plants : cr^^stalline solid ; m.p. 166° ; 100 parts of water dissolve 
18-5 parts of d-mannite at 23° ; slightly sweetish in taste. 

Dulcitol, Dulcite ; found in the manna of some Madagascar 
plants ; crystalline solid, m.p. 188-5° i sweetish in taste ; 100 parts 
of water dissolve 2-94 parts at 16*5°. 

Sorbitol or sorbite is another hexahydric alcohol. 

All these polyhydric alcohols are used in bacteriology for pre- 
paration of media for fermentation tests. 

ENZYMES 

In a previous chapter we have seen that living cells like 
yeast, bacteria and moulds secrete various enzyme, s or 
organic catalysts known as ferments. Like inorganic 
catalysts {Kata — down, lysis — loosening), these enzymes 
increase the rate of a reaction which would ordinarily proceed 
very slowly. And since bacteria, yeasts and moulds multiply 
at an enormously rapid rate when they get suitable media 
they are now increasingly utilized in the so-called Biological 
Processes for the manufacture of many chemicals produced 
by the action of enzymes, and they are more effective than 
many inorganic catalysts which need more drastic treatment 
like pressure, heat, acids or alkalies. 
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Buchner in 1897 showed that a juice freed from living 
cells, obtained by crushing yeast cells with sand and filtering 
under pressure, was capable of fermenting sugars like the 
living yeast. Similar other proofs have demonstrated that 
although the enzymes are produced by living cells, life is not 
essential for the activity of these enzj/mes. 

Occurrence and Distriburion. — These enzymes are 
found not only in yeasts, moulds or bacteria but also in all 
living tissues, vegetable or animal. They are, therefore, 
widely distributed in nature. They are present, however, in 
vety minute amounts and several types of enzymes may be 
present together. It is thus very difficult to obtain them' in 
a pure condition. 


Isolation and Purification of Enzymes. The method varies a 
good deal with the nature of the material, but the general principles 
of isr>lation and purification may be briefly stated as follows: The 
fre^h, finely minced mate.nal is thoroughly ground U]'> with about 
twice the bulk of water, containing some mild antif-;eptic like chloro- 
form or toluene, and the extract is filtered. The filtrate may be 
dialyzed to remove all crystalloids and it is treated with 3 to 4 
times its volume of alcohol. The precipitated enzA'ine is filtered, 
washed with alcohol and then with ether and finally dried at room 
temperature in a vacuum over cone, fL.SO,. The preparation is likely 
to contain proteins and other impurities. For further purification, 
the material is redissolved in a small bulk of water and the enzyme 
adsorbed by substances like kaolin, alumina, etc., at a suital)le pH 
and subsequently liberated from the adsorbing material at another 
pH l)v the use dilute acids or alkalies and preci])itated again 
with alcohol, washed and dried as before. 

Chemical Nature of Enzymes. — The exact chemical 
nature of many of them has not as yet been established. They 
are all colloidal in nature and some of them like urease, 
pepsin and trypsin have been prepared in a crystalline state. 
Chemical studies of some of the best purified enzymes show 
that they are protein in nature, giving the typical colour 
reactions of proteins and yielding amino acids on hydrolysis. 
The catalytic activity of the crystalline preparations of urease, 
pepsin and trypsin has been shown to depend upon the 
protein molecule remaining intact and any change in the 
original molecule affects their activity. Again, malt amylase 
has been shown to possess a definite iso-electric point which 
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is characteristic of all native proteins. These and other 
evidences support the view that many of the enzymes are 
protein in nature. 

Mode of Action ' of Enzymes. — As regards the 
mechanism of enzyme action it is believed that the enzyme, 
which is colloidal in nature, first adsorbs the s::bsirate (the 
substance upon which an enzyme reacts). The substrate 
then breaks down into some decomposition or hydrolytic 
products leaving a loose complex of another product with the 
enzyme. This latter complex slowly breaks down and makes 
the enzyme inactive. This theory explains the gradual 
disappearance of the enzyme during the reaction. 

Nomenclature of Enzymes. — An enzyme is generally 

designated by the suffix— addtid to the name of the 
substance upon which it acts (substrateh Thus, maltase is 
an enzyme which hydrolyzes maltose, amylase (Lat. amylum 
— starch) hydrolyzes starch, lipase (Gk. lipos — fat) hydro- 
lyzes fats, protease hydrolyzes proteins, and so on. Certain 
well-established old names such as pepsin, trypsin, etc., have 
however been left unchanged. Many of the enzymes possess 
the property of hydrolyzing their substrates and they are, 
therefore, called hydrolytic enzymes. Others produce 
changes known as fermentation, others again act as oxidizing 
agents and arc known as oxidases, and so on. Some enzy- 
mes require the presence of another substance for its activity 
and this is known as a coenzyme. A simple classification of 
the more common types of enzymes is given bplow. 

Qassification of Enzymes; 

A. Hydrolytic Enzymes. 

I. Carbohydrate Splitting Enzymes (Sucroclastic). 

Diastase (Amylase) : occurs in germinating grains, in 
malt, etc.; hydrolyzes starch to dextrin and maltose; the 
amylase secreted by salivary glands, known as ptyaliUy or 
that secreted by pancreas, known as pancreatic amylase or 
amylopsin, is also known to convert starch into maltose. 

Maltase ( '< -glucosidase) : occurs in germinating grains, 
malt, yeast, intestinal mucosa, etc.; converts maltose into 
glucose. It also hydrolyzes a-glucosides but not /?-glucosides. 
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Inv&rtase (Sucrase): occurs is yeast, in intestinal 
mucosa, etc.; converts cane sugar into glucose and fructose. 

Lactase: occurs in intestinal mucosa ; converts lactose 
into glucose and galactose. 

2. Glucoside Splitting Enzymes. 

Emulsin (/?-glucosidase) : occurs in bitter almonds; 
hydrolyzes ^-glucosides but not a-glucosides ; . hyd:olyzes 
amygdalin (a cyanogenetic /?-glucoside) into glucose, HCN 
and benzaldehyde. 

a-GIucosidase (Maltase): mentioned above. 

Myrosin: occurs in' mustard seeds: hydrolyzes the 
glucoside sinigrin found in mustard into glucose, allylisothio- 
cyanate and KHSO^. , 

Linase : occurs in linseed ; hydrolyzes the cyanogenetic 
glucoside linamarin present in linseed into glucose, HCN and 
acetone. 

3. Ester or Fat Splitting Enzymes (Lipolytic). 

Lipase : occurs in g:astor seeds, in gastric mucosa, pan- 
creas, etc.; hydrolyzes fats into glycerol and fatty acids; 
hydrolyzes other esters into their components. 

Esterase : found in livers of animals ; hydrolyzes esters 
into the corresponding alcohol and acid. 

Protein Splitting Enzymes (Proteoclastic). 

Pepsin : found in gastric mucosa ; hydrolyzes proteins to 
proteoses and peptones. 

Trypsin: probably a mixture of enzymes ; found in 
pancreas; hydrolyzes proteins to proteoses, peptones, poly- 
peptides and amino acids. 

Papain: found in the milky juice obtained from the 
leaves, fruits, stems and roots of the papaya tree [Carica 
papaya Linn.); hydrolyzes proteins to peptones and amino 
acids. 

Bromelin : found in the juice of ripe pineapples ; hydro- 
lyzes proteins to peptones and amino acids. 
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B. Fermenting Enzymes. 

e,g.. Zymase: occurs in yeast; ferments glucose producing 
alcohol, carbon dioxide, etc.; ferments other hexoses like 
fructose, mannose and g^actose but does not ferment lactose 
and pentoses. 

Lactic Acid Ferment: produced by Bacillus acidi lacUci 
as well as by other bacteria; decomposes lactose, cane sugar 
or glucose into lactic acid and other products. 

Butyric Acid Ferment: produced by butyric acid bacteria 
known as Clostridium butyricum ; ferments glucose into 
butyric acid, acetic acid, etc. 

Butyl Alcohol Ferment: produced by butyl alcohol 
bacteria known as Clostridium buiylicum ; ferments glucose 
into butyl alcohol, acetone, etc. 

C. G3agulating Enzymes. 

e.^., Rennin: found in the mucous coat of the stomach of 
pigs and calves; coagulates milk. 

Thrombin: present in blood plasma; clots blood. 

D. Oxidizing Enzymes (Oxidasdfe). 

Catalase: found in animal and vegetable tis.sues ; 
decomposes a solution of hydrogen peroxide to water liberat- 
ing molecular oxygen. 

Vricolase: present in liver; decomposes uric acid to 
allantoin. 

Peroxidase : found in vegetable tissues ; decomposes a 
solution of hydrogen peroxide or an organic peroxide and 
liberates nascent oxygen ; the nascent oxygen can be recog- 
nized by its action on some easily oxidizable substance like 
tipxture of guaiacum, benzidine, etc. 

P-Oxybutyrase: found in liver; oxidizes ^-hydroxybutyric 
acid to aceto-acetic acid. 

Dopa oxidase: occurs in human skin; oxidizes derivatives 
of tyrosine to melanin, a skin pigment. 

E. Deaminases. 

e,g., Urease: found in soya beans, in the beans of 
Canavalia ensiformis DC. (''makhan sheem") and in other 



Xg6 organic and TOXICOLOGiCAL CHEMISTRY 

beans, in arhar dal {Cajanus indicus) and in some bacteria 
and fungi; decomposes urea into ammonia and carbons 
dioxide (see urea, p. 252). 

Guanase: found in spleen, liver, etc.; converts the purine 
guanine into xanthine. 

Argirmse: found in liver and kidney; converts arginine 
into ornithine and urea. 

F, Carboxylases. 

e.g., Carboxylase: found in yeast and in animal tissues ; 
converts amino acids into carbon dioxide and amines. 

G. Reductases: found in yeast; converts acetaldehyde into 

ethyl alcohol. 

Some Properties of Enzymes. 

As mentioned before, the enzymes are colloidal in nature 
and can thus adsorb other substances. They are soluble in 
water, dilute glycerol and dilute salt solutions but are pre- 
cipitated by alcohol or s by saturation with ammonium 
sulphate. 

Like inorganic catalysts these enzymes increase the rate 
of a reaction which proceeds normally at a very slow rate, 
and they can transform, many times their weight of the 
substrate. The reaction proceeds faster with the concentra- 
tion of the enzymes but unlike inorganic catalysts these 
enzymes gradually disappear during the reaction. 

Unlike inorganic catalysts the action of the enzymes is 
more or less specific m nature- Thus a fat splitting enzyme 
will never hydrolyze a carbohydrate, and a proteolytic enzyme 
will never hydrolyze a fat. This specificity is very marked 
in some cases. Thus invertase will act upon cane sugar but 
not upon milk sugar, and maltase will act upon a-glucosides 
but not upon / 5 -glucosides. This specificity is probably con- 
nected with the structure of the substrate as well as that of 
the enzyme. Fischer has suggested that the relation between 
the substrate and the enzyme is similar to that between a 
lock and its key, viz., the enzyme (key) will not act upon the 
substrate (lock) unless the structures fit each other. 
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Unlike ^organic catalysts, the enzymes act within a 
narrow range of temperature. They are all destroyed by 
heating to about 8oX in the presence of water and to loo^’C 
when dry. In the majority of cases we cannot heat them with 
safety above 6o“C. At low temperatures again the action of 
an enzyme is very slow. The temperature which is most 
favourable for its activity is known as the optimal temperature 
and it varies with the nature of the enzyme. Generally, 
however, most of the enzymels especially those of animal 
origip act best between 35° and 45 °C and their optimum 
temperature is believed to be about 37"’C. 

Another factor which influences the activity of an enzyme 
is the reaction of the medium- and each enzyme probably 
acts best within a narrow range of pH. Thus pepsin acts 
best in acid medium (pH 1*4) and trypsin acts best in alkaline 
medium (pH 8-3) while papain acts both in acid and alkaline 
media. Neutral or slightly alkaline medium is, however, 
suitable for most of the enzymes. 

Some enzymes reqiflre certain salts for their activity. 
For example, zymase requires phosphates, diastase requires 
chlorides, oxidizing enzymes require iron or manganese salts, 
lipase requires bile salts, and so on. 

Catalytic poisons such as HCN, H.CHO, etc., react just 
in the same way with the enzymes as they do with the 
inorganic catalysts. 

The end^ products formed in a reaction also influence the 
activity of an enzyme. Thus we have seen that 14 per cent 
alcohol almost stops the action | of zymase. 

The action of an enzyme is sometimes reversible. Thus 
lipase which hydrolyzes ethyl butyrate is also capable of 
synthesizing the same from ethyl alcohol and butyric acid. 



CHAPTER X 


ALDEHYDES AND KETONES 


A. Saturated Aldehydes. 

If a primary alcohol such as ethyl alcohol CH3CH2OH 
is carefully oxidized with a mild oxidizing agent like 
potassium dichromate and dilute sulphuric acid, it is chamged 
into an aldehyde known as acetaldehyde, CH3CHO. The 
word aldehyde is derived from al (cohol) dchyd (rogenatiis) 
since it is obtained from an alcohol and contains two atoms 
of hydrogen less than the corresponding alcohol. The mild 
oxidation of a primary alcohol takes places as follows: 

/K /n /H 

CH,.C— OH CH.,C— OTh'i k CH,.C = O + H^O 

\H o xIojlI 

Since two hydroxyl groups cannot^ remain attached to the 
same carbon atom, the intermediate stage shown above cannot 
exist as such and breaks up at once into acetaldehyde with 
the elimination of a molecule of water. On further oxidation 
an aldehyde yields an acid containing the same number of 
carbon atoms: 


CH3. 

" o 

Acetaldehyde 


O 


/OH 

CH.. 

Acetic acid 


Nomenclature of Aldehydes. 

The name of an aldehyde is derived from the corres- 
ponding acid formed by its oxidation. Thus, the aldehyde 
which yields formic acid is termed formaldehyde, the aldehyde 
that yields acetic acid is called acetaldehyde, similarly propal- 
dehyde, butaldehyde, and so on. In the international system 
of nomenclature the suffix -al is attached to the parent 
hydrocarbon after dropping the ending -e- Thus we have 
methanal, H.CHO,^ from methane, ethanal, CH3CHO, from 
ethane, propanal, CHgCH^CHO, from propane, and so on. 
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General Methods of Formation. 

(i) Mild oxidation of a primary alcohol with potassium 
dichromate and dilute sulphuric acid: 

CH,CH,OH CH3CHO 


(2) Dry distillation of calcium formate with the calcium 
salt of the corresponding fatty acid: e.g., 

H.COOx CH^COOv 

;Ca + )Ca = 2CH3CHO + 2CaC03 

H.COO/ CH3COO/ Acetaldehyde 

Ca-dormate Ca-acetate 


H.COO 


Ca 


H.COO / 
Ca-formate 


C,H,.COO\ 

)Ca = 2C,H5.CH0 + aCaCO, 
.COO / Propaldehyde 

Ca-propionate 


General Properties of Aldehydes. 

The aldehydes possess the characteristic group -C<:C 

O 

and have the general formula R.CHO, where R is H or 
any monovalent radical. The aliphatic aldehydes form 
the following homologous series: formaldehyde H.CHO 
(b.p. -21^), acetaldehyde CH3CHO (b.p. 20-8°), pro- 
paldehyde CH3CH2CHO (b.p. 49*5^), n-butal- 

dehyde CH3(CH3)2CHO (b.p. 75^), n-valeraldehyde 

CH3 (CH^)3.CH0 (b.p. 102°), and so on. The lowest 
member, formaldehyde, is a gas and the next higher ones 
are colourless liquids. They are reduced to primary alcohols 
and oxidized to acids with the same number of carbon atoms. 
The aldehydes are very reactive bodies and combine with 
many substances to form additive and other compounds. They 
would even combine amongst themselves to form polymers 
and other products of condensation (see acetaldehyde). 


Formaldehyde, Methanal, CH^O, H.CHO 

Occurrence and Natural Formation , — It has been experi- 
mentally demonstrated that COo and H2C>, in presence of 
catalysts such as colloidal ferric hydroxide, are converted into 
formaldehyde under the influence of sunlight. The formation 
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of sugars and other carbohydrates in plants from the CO2 of 
the air in the presence of moisture under the influence of 
sunlight is known as photosynthesis. The green colouring 
matter of plants (chlorophyll) absorbs solar energy and 
transforms CO^ and H^O into formaldehyde and gives 
up O^: 

CO, + H ,0 = H.CIIO -f O,. 

The formaldehyde is at once polymerized into a sugar. 
The process is so rapid that it is difficult to detect the presence 
of fonnalc^hyde formed during the photosynthesis. The 
sugar is either stored as such or in the form of other 
carbohydrates such as starch or cellulose. 

Synthesis 

(i) By heating calcium formate: 

H.COOv 

/Ca = CaCO, + H.CHO 
H.COO/ 


Preparation 

(2) Formaldehyde is prepared on a large scale by 
passing a mixture of air and vapour of methyl alcohol through 
tubes containing copper gauze heated to about 600^ or plati- 
nized asbestos heated to about 300^. The alcohol is oxidized 
by the oxygen of the air in presence of the metal Cu or Pt 
which acts as rt catalyst. The vapour of formaldehyde is 
absorbed in water and a solution containing about 40 per 
cent of formaldehyde is obtained. The solution usually 
contains some methyl alcohol which escapes oxidation. 

For a lecture demonstration, one may suspend a red hot 
platinum spiral (or foil) above the surface of some slightly 
wanned methyl alcohol kept in a beaker (Fig. 25). 
When properly adjusted, the platinum foil con- 
tinues to glow indefinitely owing to the catalytic 
oxidation of the methyl alcohol at the surface of 
the spiral, and in a few seconds the smell of formal- 
Fig. 25 dehyde becomes perceptible and can be tested by 
exposing a filter paper soaked in Schiff's reagent. 
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Properties and Reactions of Formaldehyde, 

Fonrialdehyde is a gas with a sharp pungent smell. Liquid 
formaldehyde boils at — 21^. An aqueous solution contain- 
ing about 40 per cent of formaldehyde is known as formalin 
or forrnol ; it usually contaius 8 to 15 per cent of methyl 
alcohol which prevents its polykierization. 

Formaldehyde is a strong reducing agent. It reduces 
an ammoniacal solution of silver nitrate to metallic silver 
which is deposited on the walls of the test tube as a mirror: 

H.CHO + 'iAnfOII) = H.COOH -f 2Ag + H.O 

It reduces Fehling's solution (see glucose), a red precipitate 
of cuprous oxide being obtained: 

H.CHO + 2 CuO - H.COOH -f Cu.O 

A solution of magenta decolorized by SOo, known as 
Schifps reagent (see p. 80 1, regains its red colour on 
exposure to the vapour or by the addition of a solution of 
formaldehyde. Mercuric chloride is reduced to mercurous 
chloride and then to metallic mercuiy: 

HgCC ^ Hg,Cl, ^Hg 

Polynierization-: When d pure aqueous solution of 
formaldehyde is concentrated, the formaldehyde is converted 
into a solid amorphous substance known as paraformaldehyde 
or paraform (CH, 0 )n. It has the same percentage composi- 
tion as that of formaldehyde but its molecular weight is a 
multiple of the same ; hence it is called a polymer and the 
transformation is known as polymerization, Paraform melts it 
160° and it is soluble in water but insoluble in alcohol or. 
ether. When heated it give$ formaldehyde vapour and hence 
it is used as a disinfectant. When liquid formaldehyde is 
cooled below — 20° it is gradually transformed into another 
polymer known as rnetaformaldehyde or trio yry methylene 
{CHnO)3. This is a solid, m.p, 171°, and is insoluble in 
water. If a solution of formaldehyde is left with a weak 
alkali such as lime water or magnesium hydroxide, it is slowly 
polymerized into formose C^Hj20p, a mixture of sugars close- 
ly related to glucose. This reaction lends strong support to 
the view that formaldehyde forms an intermediate stage in the 



H.COONa + CH,OH 
Na-formate Methyl alcohol 
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ohotosvnthesis of carbohydrates. With a strong aqueous 
Sto of NaOH formaldehyde does not form a resm as m 
the case of acetaldehyde, but it mves a mixture of alcohol 
and acid (cf. aromatic aldehydes); 

2H.CHO + NaOH = 

Formaldehyde ' 

When treated with ammonia or its salti formaldehyde gives 
r Xrler crystalline solid known as 

a comprund having a cyclic strnCure (cf. 

acetald^yde) : 

6 H.CHO + 4NHa = (CHJ.N + 6H,p 

Hexamethylene 

tetramine 

It is fairly soluble in water but less so in alcohol and chloro- 
K™ and s almost insoluble in ether. It is used as an 
uTary antiseptic and is also known by other names such as 
hexamne (B.P.), urotropine, cystamme. etc. 

The reaction of formaldehyde with ammonia or its salts 
can serve for the estimation of the latter, the free acid 
liberated in the latter case being titrated with a standard 

3.1W3.1l * 

6H CHO + 4NH,C1 = (CH,'),N, + 6Iip + 4HCI 

Formaldehyde also reacts with, the amino 

amino acid and forms a methylene compound (see 

P- 361). , . 

Uses. Formalin is used as a disinfectant and antiseptic 

It is a good preservative, especially for anatomwal 
which are hardened without being opaque. Formaldehyde 
acts on casein, the protein found m imlk, and forms a horn- 
like substance known as galalith ' which ^ 'u^nol^and foms 
horn or ivory. Formaldehyde reacts with phenol md forms 

a hard resinous substance or plastic known as 
is used in the manufacture of vanous houselmld aificles su 
as tea cup, ash tray, electric switch, etc. Formaldehyde 13 
also used^in tanning_ and in the manufacture of medicinal 
chemicals and of artificial silk. 

Tests 

(i) Reduction of ammoniacal silver nitrate. 
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(2) Restoration of the pink colour of Schifi's reagent. 

(3) Add 2 c.c. o'l a i per cent solution of phenyl hydrazine 
hydrochloride (freshly prepared and filtered) to 10 c.c. of the liquid 
to be tested ; then add i c.c. of a freshly prepared 5 per cent solu- 
tion of potassium ferricyanide and 5 c.c. of cone. HCl — a brilliant 
pink or magenta colour is produced. The test is said to detect 
formaldehyde even in a dilution of i in a million (Schryver's test). 

(4,) To the solution of formaldehyde add 2 c.c, of a i percent 
solution of phenylhydra^ine hydrochloride and 2 c.c. of a fresnly pre- 
pared solution of sodium nitroprusside ; add an excess of dilute 
caustic soda, an intense blue colour is produced (Rimini's test). 

(3) Marquis test (see methyl alcohol on p. 78 and morphine 
on p. 487). 

(6) Hehner’s test — for the detection of formalin in milk ; to 5 
c.c. of milk suspected to contain formalin (used as a preservative but 
not permitted by law'), add gently some cone. H^SO^ containing a 
trace of FeCl^ ; a fine purple ring is formed at the junction. 

Acetaldehyde, Ethanol, CHjCHO. 

Occurrence. — It is found as a by-product in alcoholic 
fermentation. 

Synthesis 

(1) By heating calcium acetate with calcium formate: 

CH,.COO\ H.COOs 

)Ca + yCa = 2CH,CH0 + aCaCO, 

CH..CO0/ H.COO/ 

(2) By passing acetylene into dilute sulphuric acid 
in presence of HgO or mercuric sulphate as a catal]^ 
and then distilling it. This method is used on a commercial 
scale. 

CH : CH + H ,0 = CH,CHO 


Preparation. 

In the laboratory, acetaldehyde is prepared by oxidiang 
ethyl alcohol with a mixture of sodium dichromate and dilute 
sulphuric acid. (N.B. Sodium dichromate is preferred to 
potassium dichromate owing to its greater solubility). 

A mixture of absolute alcohol (62 c.c.) and concentrated 
sulphuric acid (38 c.c.) is slowly dropped through a' tap 
funnel into a solution of sodium dichromate (100 g) in water 
(goo c.c.) kept in a round bottomed flask warmed over a sand 

8 
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bath (Fig. 26). The flask is connected through a delivery 

tube to an ascending condenser 
through which water (at about 
30°) is circulated. The alcohol 
and water vapour are con- 
densed back while the alde- 
hyde which has a low boiling 
point passes over through the 
pipette connected with the 
condenser into the absorbing 
vessels. The ajdehyde vapour 
is absorbed in dry ether kept 
Fig. 26. in the cylinders which are 

kept cool with ice water in a large jar. The ethereal solution 
of the acetaldehyde is disconnected from the condenser and a 
current of dry ammonia gas passed until all the aldehyde is 

precipitated as colourless crystals of aldehyde ammonia. The 

crystals of aldehyde ammonia are taken out, dissolved in 
about the same weight of water and distilled from a small dis- 
tilling flask with dilute sulphuric acid, the receiver being well 
cooled. The distillate is dried with anhydrous calcium 
chloride and redistilled. The reactions are as follows: — 

aCH.-CH^OH -f- Na^Cr.O, -f 4H,SO, = 

3CH,CH0 -f CrdSOJ, + Na,SO, + yH.O 
CH3CHO + NH, = cn,CH(OR)m, 

Properties and Reactions of Acetaldehyde. 

Acetaldehyde is a colourless liquid with a characteristic 
smell but when inhaled the vapour produces a kind of cramp 
in the chest. It boils at 20*8° (760 mm.) and has a sp. gr. 
of 07876 at 16°. It is miscible with w^ater, alcohol and 
ether and bums with a luminous flame. 

It is a strong reducing Agent, being itself oxidized to 
■acetic acid. Thus it reduces, as in the case of formaldehyde, 
an arhmoniacal solution of silver nitrate to metallic silver 
which is deposited as a mirror, and Fehling's solution on 
warming with a deposit of red cuprous oxide. It gives a pink 
colour with Schiff's reagent, a reaction common to all 
aldehydes. 




ALDEHYDES AND KETONES 


115 


Polymerization Reactions. When a little acetaldehyde 
is treated with a drop of cone. there is a rise of 

texr^rature and acetaldehyde is converted into paraldehyde 
(CH3CH0)3, a liquid which boils at 124'' and is insoluble 
in water. On cooling, it solidifies to a crystalline form, 
m.p. 12*6° . It is a polymer of acetaldehyde having the struc- 

CH3 


O— CH 

tural formula CH^ — CH<^ ^O. 

^O— CJFI/ 


CH3 

an example of the conversion of straight chain to a cyclic 
structure. It is used in medicine as a hypnotic. On distilling 
with dilute HoSO^ it is, however, reconverted into acetal- 
dehyde. 

When acetaldehyde is treated with dilute sulphuric acid 
or HCl at a low temperature (below 0 °), it is converted into 
another polymer known as metaldehyde (CH3CH0)3 which 
is a white crystalline solid insoluble in water but soluble in 
alcohol and ether. It sublimes without melting at 115° and 
it bums with a non-luminous flame. It is compressed into 
rectangular sticks and is used as a solid fuel, knowm as meta 
fuel, as a substitute for spirit. On distilling with dilute 
sulphuric acid metaldehyde yields acetaldehyde. 

When an aqueous solution of acetaldehyde is warmed 
with a' strong solution of caustic soda the liquid becomes dark 
and there is a deposit of a brown resinous mass known as 
aldehyde resin (cf. formaldehyde). If a very dilute solution 
of acetaldehyde is boiled with NaOH solution, a^ yellow^ or 
brown colouration is produced. This reaction serves as a 
test for acetaldehyde. ^ 

Addition Reactions. Acetaldehyde does not polymerize 
to form sugars as in formaldehyde. It forms many additive 
compounds. Thus with ammonia it gives a white crystalline 

/OH . 

compound known as aldehyde ammonia CH3.CH\^ ‘ With 

NH, 

sodium bisulphite NaHSO,, it gives a white cr\^stalline com- 
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.OH 

pound known as aldehyde bisulphite CHj.CH 

'%■ SOjNa 

This reaction is used to separate an aldehyde from its 
mixture with other compounds, since the aldehyde can be 
regenerated by heating with acids or alkalies. With hydro- 
cyanic acid, acetaldehyde gives aldehyde cyanhydrin 
..OH 

CHjCH ; this reaction is utilized in introducing a new 

carbon atom into a molecule, and since the cyanogen group 
can be hydrolyzed to a COOH group it serves as a means 
of synthesizing hydroxy acids from aldehydes. 

CH,CH{OH)CN + 2Hfi = CH,CH(OH,)COOH + NH, 

Condensation Reactions .— acetaldehyde is treated 
with a solution of KjGO, it is converted into aldol, the name 
being derived from the fact that the product is both an 
aldehyde and an alcohol: 

CH..CH C F+ H !CH,.CH0 = CH,.CH(OH).CH,.CHO 

Aldol' 

Th;s reaction is known as aldol condensation and is common 
among aldehydes. It differs from polymerization in the feet 
that the latter is a reversible reaction. Strictly speaking, the 
word condensation is applied to the combination of two 
molecules of the same or different compounds with the elimi- 
nation of a molecule of water. Thus, acetaldehye condenses 
with hydroxlamine to form acetaldoxime : 

CH.CH io + hJ n.OH = CH..CH:N.OH + H,0 
Hydroxy lamine 

Acetaldehyde condenses with phenylhydrazine to form acetal- 
dehyde phenylhydrazone: 

CH,CH | 0 + H.| N.NH.C,Hi = CH.CH ;N.NH, C.H, + H.O 
^ ^ Phenylhydrazine 

Acetaldehyde condenses with semicarbazide to give acetal- 
dehyde semicarbazOne’ 
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CH.CHO 4- H.N.NH.CO.NH, = CIJ.CH: N.NH.CO.NH, + H,0 
Setnicarbazide 

These oximes, phenylhydrazones and salnicarbazides are 
crystalline compounds with characteristic melting points and 
serve to idefttify aldehydes and ketones (see). 

Testa for Acetaldehyde 

(1) Reduction of ammoniacal silver nitrate. 

(2) Magenta colour with SchiS’s reagent for all aldehydes (cf, 
formaldehyde) . 

(3) A blue colour with sodium nitroprusside and piperidine- 

(4) A cherry red colour with sodium nitroprusside and caustic 
soda. 

(5) It gives the iodoform reaction (cf. alcohol). 

Chloral, Trichlor acetaldehyde, CClj.CHO 

Chloral is obtained by the action of chlorine upon ethyl 
alcohol. A current of chlorine gas is passed through cool^ 
absolute alcohol until it is saturated and attains a known 
specific gravity ; the temperature is slowly raised to about 
90° to complete the reaction. The crystals of chloral 
alcoholate formed on cooling are separated and distilled with 
colic . sulphuric acid. The reaction takes place in several 
stages. The chlorine first oxidizes the alcohol to acetal- 
dehyde and the excess of alcohol combines with the aldehyde 
to give an alcoholate: 

CH^.CHI o 4 - H jOC.H, =CH 3 .CH( 0 H). 0 C 5 H,. 

The alcoholate is chlorinated giving chloral alcoholate, 
CCl3.CH(OH)OC2H^, which is finally decomposed by 
sulphuric acid to give chloral: 

CC1,.CH(0H)0C,H3 + H,SO, =:CCh.CHO + C.H^HSO^ ^ H,0 

Properties. — Chloral is a colourless, heavy, oily liquid 
with a pungent smell. It boils at 98*1'' and has a sp. gr. of 
1-512 at 20"^. It is soluble in ether and chloroform. Like 
aldehydes it acts as a powerful reducing agent. It is chiefly 
used for the preparation of the hypnotic chloral hydrate and 
the insecticide D.D.T. (see p. 277). 
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Chloral Hydrate, CCl,.CH(OH), 

When chloral (m.w. I 47 ‘ 4 ^) is shaken with ^\h by 
weight or i/5th by volume of water there is an evolution of 
heat 'and the mixture solidifies to a crystalline mass of chloral 
hydrate: 

CCh-CHO 4 - H ,0 = CCl,.CH(OH), 

The reaction is peculiar since two hydroxyl groups are 
attached to the same carbon atom and gives a stable 
compound, and this is probably due to the effect of the 
strongly electro-negative chlorine atoms. 

Chloral hydrate is a colourless crystalline solid with a 
characteristic pungent smell and a sharp taste and melts at 
about 57°. It IS soluble in water and alcohol. Like chloral it 
does not give the aldehyde reaction with Schiff's reagent. On 
heating with cone, sulphuric acid chloral is regenerated from 
chloral hydrate. By heating chloral hydrate with caustic 
soda, pure cnloroform can be obtained: 

CCl,.CH(OH), -f NaOH = CHCl, + H ,0 + H.COONa 
Chloral hydrate is used in medicine as a hypnotic. For tests,, 
see toxicology of chloral hydrate (see p. 472 — 4). 

Butyl chloral hydrate, Jrxchlor hutyraldehyde hydrate, 
CH,.CHCI.CC1^.CH(0H)3 : this is a crystalline substance, m.p. 78°, 
used in medicine as a hypnotic and analgesic- It is prepared by 
passing chlorine through paraldehyde. 

B. Un«aturated Aldehydes. 

Acrolein. CHj^CH.CHO ; formed when fats and oils are 
overheated: prepared by distilling glycerol with KHSO^ ; colourless, 
liquid with a pungent odour ; irritates the mucous membrane of 
the eyes ; b-p. 52° ; soluble in 2 to 3 parts of water. 

Crotonaldehyde, Methyl acrolein, CHj.CH = CH.CHO: pre- 
pared by fating alcohol with dehydrating agents: colo\irless pungent 
fiquid, b’p# 105*^ : soluble in water, 

Citronellal, CU,==C{CH,).CH^.CU,. CH,.CH(CH,).CH,.CHO : 
found in citronella oil and in other essential oils ; pleasant smelling 
oilyJiquid, insoluble in water; b.p. 204®. 

tjtraI,(CH,hC CH.CH.CH,. C(CH.) = CH.CHO: found in* 
lemon grass oil and in other essential oils; pleasant smelling oily 
liquid, insoluble in water ; b.p. 229^. 
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KETONES 

H 

We have seen that in an aldehyde R — a carbonyl 

\ 

0 

group is attached to a hydrogen atom and to an alkyl radical* 
If the hydrogen atom is replaced by another alkyl group we 
R 

get a ketone R — * These ketones are obtained by 

0 

the oxidation of secondary alcohols just as aldehydes are 
obtained by the oxidation of primary alcohols. 


CH, .C H (O H ) CH, CH, CO CH, - 

A ketone containing two similar alkyl radicals is called a 
simple ketone and one containing two dissimilar alkyl radicals 
is called a mixed ketorve. The characteristic group of a 
ketone is thus the carbonyl group attached to two alkyl 

radicals /CO, where R may be similar or dissimilar* The 

r/ 

ketones exhibit a kind of structural isomerism known as 
metamerism in which different radicals are attached to the 
same multivalent atom or group. They have the same mole- 
cular formula but ditferent structural formulae, and are 
confined to compounds of the same class. Thus di-n-propyl 
ketone C3H7— CO — 03!!^ and di-iiopropyl ketone 
CH3. .CH3 

^CH.CO.CH^^ or methyl propyl ketone 

CH ^CH, 

CH3-T-CO — C3H7 and diethyl ketone C2H5,CO.C2H5 form 
me tamers. 

Nomenclature of Ketones. 

Usualty, the suffice ketone, is added to the alkyl groups 
present: dimethyl ketone CH3.CO.CH3, methyl ethyl 

ketone CHj.CO.C.H^, and so on. In the intematioi^ 
system of nomenclature the suffix-one is added to the 
corresponding hydrocarbon after dropping the ending aund 
putting in a numeral to show the position of the ketone groups 
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Thus. CHj.CO.CH, is propanone, CH,.CH,.CO.CH, is 
butao-2-one, CH,.CH,.CH,.CO.CH, is pentan-2-one. 
CH,.CHj.CH,.CO.CH,.CH, is hexan-3-one, and so on. 

Ceneral Methods of Preparation. 

(1) Oxidation of the corresponding secondary alcohols: 

CH,CH(OH).CH, -f O =CH,.CO.CH, 4- H,p 
Isopropyl alcohol Acetone 

(2) Dry distillation of the calcium or barium salts of 
the corresponding fatty acids: e-g-, 

CH,COO\ CH,\ 

)Ca •= )C0 + CaCO, 

CH.COO/ CH./ 

Calcium acetate Acetone 

If a mixtuT# of two calcium salts is used, a mixed ketone, 
along of course with the two pure ketones, can be obtained: 
e.g. 

CH. COO \ CH,.CH,.COO\ 

)Ca+ ;Ca = 2CH,.C0.CH,.CH, +2CaC0* 

CH,.COO/ CH,.CH,.COO/ Methyl ethyl ketone 

Ca-acctate Ca- propionate 

General Properties of Ketones and their Distinction from 
Aldehydes. 

The simple ketones have the general formula R.CO.R 
where R is an alkyl radical, and they form the following 
hoffwlogom series: 

Dimethyl ketone CHj.CO.CH, (b.p. 563'’), 

Diethyl ketone CjHvCO.CjH^ (b.p. 1027®), 
Dipropyl ketone C^H^.CO.C^Hy (b.p. 144°)^ 
Dibutyl ketone C^Hjj.CO.C^H^ 

Diamyl ketone (b.p. 226'’), 

and so on. 

The lower members are all colourless liquids with 
characteristic smell and the higher ones are solids. 

The'ketones are not so reactive as the aldehydes. They 
do not give any red colour with SchifiPs reagent and they 
do not reduce an ammoniacal solution of silver nitrate. But 
Iflfe aldehydes they form additive comi^unds with sodiiun 
bisulphite and hydrocyanic acid, and yield crystalline den- 
vatives with hydroxylamine, phenyl hydrazine and semi- 
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carbazide (p. 123). The ketones do not yield polymers 
but form condensation products. They are reduced to 
secondary alcohols whereas the aldehydes are reduced to 
primary alcohols. On oxidation ketones break down to acids 
with a lewder number of carbon atoms, while the aldehydes 
yield acids with the same number of carbon atoms. 

Acetone, Dimethyl ketone, Propanone, CH3.CO.CHj. 

Occurrence and Formation. Acetone is present in 
traces in normal blood and urine. In pathological conditions 
like diabetes mellitus the amount increases considerably in 
the urine (acetonuria) as well as in the blood (acetonasmia) . 
The presence of the so-called acetone bodies (acetoacetic 
acid CHJCO.CH2COOH, ^-hydroxy butyric acid 
CHjCHOH.CH^COOH and acetone), fouijd in diabe& 
urine, is attributed to the incomplete combustion of fats in 
the body (see Chapt. 15, p. 182). Acetone is also found 
^ongst the products of the dry distillation of wood and i^ 
formed during the fermentation of starch by special organistns. 

Preparation, ^ 

(1) In the dry distilation of wood, acetone is found 
along with methyl alcohol. It has been mentioned before that 
pyroU^ieous acid contains only about 0 5 per cent of acetone 
and the wood spirit obtained from this contains from ro to 
20 per cent of acetone. The liquid obtained after separating 
the solid compound of methyl alcohol with CaClj (see 
p. 77) is distilled and gives acetone. 

The acetone still contains some methyl alcohol and is 
purified by treating the liquid with a strong solution of 
sodium bisulphite. The crystalline bisulphite compound is 
separated from the liquid impurities and dried. It is then 
decomposed by heating with a solution of sodium carbonate 
when acetone distils over. It is dried with anhydrous calcium 
chloride and redistilled. 

(2) Acetone ist mostly obtained by heating calcium 
acetate at 300 "" -400® in the absence of air, the calcium acetate 
b Aig obtained from pyroligneous acid and from other sou^^. 

CHjCOO V 

ch.coo7‘=* - 
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The liquid is fractionally distilled and finally purified as 
before through the bisulphite compound. 

(3) Biological Process — Acetone is also produced by 
the fermentation of starch obtained from rice, maize, potato, 
etc., with organisms such as Clostridium acetohulylicum and 
Fembach's Bacillus butylicus. There is an yield of 15 to 
25 per cent of acetone along with about twice the volume 
of n-butyl alcohol (b.p. 117''} and the acetone is purified by 
fractional distillation. 

Properties and Reactions. 

Acetone is a colourless mobile liquid with a peculiar 
smell and a burning taste. It has a sp. gr. of 0792 at 20^^ 
and boils at 56 3*" (760 m.m.). It mixes with water, alcohol 
and ether in dl pro{X)rtions. It is a good solvent for fats, 
resins, etc. 

Acetone does not give any red colour with Schiff's 
feagent like aldehydes and it does not reduce an ammoniacal 
solution of silver nitrate except on prolonged boiling. 

, Like acetaldehyde acetone forms additive compounds 
such as acetone bisulphite with NaHSO, 

SO,Na 

( 

CH,— C— CH, + NaHSO, = CH,— C—CH, 

II 

O OH 

and acetone cyanhydrin with hydrocyanic acid, 

CN 


CH.—G—CH, 4- HCN 

4 


It does not, however, produce an additive compound with 
ammonia but there is a condensation reaction and diaceton^ 
mine is formed ; 

CH, 


CH;,eO.CH,+CH,COCH,4-NH, 




CH. 

Diace tonamine 
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With PCI5 acetone gives dichloro acetone or ^p-dichloro. 
propane, i,e,, one atom of oxygen is replaced by 2 atoms of 
chlorine, indicating that there is no OH group: 

CH,-Ca-CH. -f PCI. = CH,--CC1,-CH, + POCl, 

With hydroxylamine, acetone gives aceioxime (cf , aldoxime) : 

CH,— CO— CH, + H.N.OH = CH.C.CH, + H,0 

N.OH 

With phehylhydrazine, acetone gives acetone phenylhydrazone: 
CH.CO.CH, -f H,N.NH.C,H, = CH,C.CH 3 + H,0 

N.NH.CA - 

With semicarbazide, acetone gives acetone semicarbazone: 

CH, CO.CH 3 -f H.N.NHCONH, = CH^.C.CH, + H,0 

11 

N.NH.CO.NH, 


These oximes, phenylhydrazones and semicarbozones 
are crystalline compounds with characteristic melting points 
and serve for the identification of ketones. 

When treated with cone. H2SO^, 3 molecules of acetone 
condense together and give mesitylene or i * 3 .* 5 trimethyl 
benzene. This is an example of the transformation of ''D 
open chain compound to a cyclic one: 


CH, 

\ 


CH,.CO 


CO.CH, 


CH. 


CH, / 
CO 
CH, 


H 

C 




CH 3 C C.CH, 



C 

CH, 


+ 3H.O 


On oxidation, acetone gives acetic acid, an acid with 
fewer carbon atoms, and carbon dioxide: 


CH,*CO.CHi 4* 4 O - CH,.COOH + CO, + H,0 
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^75^5 of Acetone. It is largely used as a solvent in 
industri^ for varnishes, celluloid, collodion, smokeless 
Mwder, j^ynthetic rubber, and for storing acetylene (see p. 62). 
It is also used in bacteriological work and in the preparation 
of some important drugs such as chloroform, iodoform, 
sulphonal, chloretone, eucaine, etc. 

Tests for Acetone# 

(1) On adding 5 drops of a freshly prcjpared 10 per cent solu- 
tion of sodium nitroprusside and i c,c. of a 15 per cent solution of 
l^aOH, there is a ruby red or reddish yellow colour, which on 
acidificatioti with a feu drops of glacial acetic acid becomes rose 
violet or wine red (Legal’s Test). 

(2) To the solution of acetone saturated with solid ammonium 
chloride or sulphate, add a few drops of freshly prepared solution of 
sodium r^troprusside. mix and then layer with some strong ammonia, 
when a purple or permanganate colour is formed at the junction 
which gradually spreads through the layers (Rothera's Test). If only 
a trace of acetone is present, it takes a few minutes to develop the 
ring. This test is also given by acetoacetic acid (see p. 178). 

{3) Iodoform Reaction. The diluted solution of acetone is 
mixed with an tqual amount of ammonia and a solution of iodine 
in potassium iodide is added drop by drop until there is a black 
precipitate of nitrogen iodide. On warming, the precipitate dis- 
appears and iodoform is produced. If carefully carried out this 
reaction serves to distinguish acetone from ethyl alcohol (see p. 89). 

SOME HIGHER KETONES 

Methyl ethyl ketone, Butan-2-one, CH,.CH,.CO.CHa ; occurs 
in erode wood spirit ; liquid with ethereal smell, b.p. 78-6° ; used 
in the preparation of trional and in the manufacture of plastics. 

Methyl-n-amyl ketone, Heptan-2-one, CH»(CHj)*.CO.CH, : 
occurs in clove oil and in other essential oils ; oily liquid with 
penetrating odour ; b.p. 150® 

Methyl-n-nonyl ketone, Undecan-2-one, CHj.(CHj)8.CO.CH, : 
occurs in oil of me; oily liquid with orange like odour ; b.p* 230®. 
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ETHERS, THIO-ALCOHOLS AND THIO-ETHERS 

ETHERS 

Just as an alcohol {e,g., CjH^OH) may be regarded as 
the hydroxide of an alkyl radical (C2H5), an ether {e^g-y 
may be regarded as the oxide of two alfyl 
radicals. Ethers may also be considered as anhydrides 
of alcohols since they are produced by the ehmination of 
water from two molecules of alcohol; thus, 

C,H,OH 4- C.H.OH = C,H,.0.C,H5 -f H ,0 
Ethyl alcohol Ethyl ether 

If the two alkyl radicals are the same, the.eth«r is known as 
a simple ether (e.g,, CH3.O.CH3, CgHj.O.C^Hj, etc.) while 
il the two radicals are different the ether is called a mixed 
ether (e.g., CH3.0.CoH^, C2H5.O.C3H7, etc.). The general 
formula of a simple ether will thus be R.O.R and for a mixed 
ether R.O.R^ where R and R' are different alkyl groups* 
Like the ketones, ethers exhibit the type of isomerism known 
as metamerism. Thus, diethyl ether C^H^.O.CjH^ (or 
C^Hj^O) and methyl propyl ether CH3.O.C (or C^H^oO) 
or ethyl prowl ether C.H^.O.CgH^ (or C^H.^O) and methyl 
butyl ether CHg.O.C^H^ (or C^Hj^O) form meianiers. 

Nomenclature of Ethers: As is clear from the above 
examples, the ethers are designated by the names of the 
alkyl groups attached to the oxygen atom. 

General Properties and Reactions. 

The simple ethers form the following homologous series: 
Dimethyl ether CH3.O.CH3 (gas, b.p. — 23*6°) 

Diethyl ether C2H,.O.C2H, (liquid, b.p. 34*6°) 
Dipropyl ether C^H^.O.QHy (liquid, b.p. 907®) 
Dfbutyi ether C^Hg.G.C^Hg (liquid, b.p. 140-9®) 
etc., etc. 



126 


ORGANIC AND TOXICOLOGICAL GHE;MISTRY 


The lowest member, dimethyl ether, is a gas, the higher 
memberi' are colourless mobile liquids with characteristic 
odour, and only the very highest ones like cetyl ether 
are solids. They are all lighter than water 
and their boiling points are lower than those of the corres- 
ponding alcohols. They are almost insoluble in water but 
dissolve easily in alcohol, chloroform, benzene and petroleum 
other. They are neutral inert substances having no action 
upon metallic sodium, phosphorus pentachloride or alcoholic 
potash. ^ 

General Methods of Preparatipn. 

(1) By the action of concentrated sulphuric acid upon 
an alcohol: 

2C,H,.0H + H,SO, = C,H,.O.C,H, 4- H,SO, -f H,0 

(2) By the action of an alkyl iodide upon sodium 
alcoholate in alcoholic solution: 

CH3I + CJi.ONa = CH^.O.C.H^ 4- Nal 

(3) By the action of an alkyl iodide upon silver oxide: 

2CH3I 4- Ag,0 = CH,.0.CH3 4- 2AgI 

Hthcr, Dicthvl Ether, Sulphuric Ether, Ethvl Oxide, 

The name 'sulphuric' ether originated" from an old 
erroneous belief that it contained sulphur. The name is still 
retained in common use since sulphuric acid is used in its 
preparation and it serves to distinguish this from other 
ethers, specially from petroleum ether. 

Synthesis. 

(1) By the action of ethyl jodide upon sodium ethoxide 
in alcoholic solution: 

C3HJ 4- C.H^.ONa =C,H,.0.C,H5 4- Nal 

(2) By the action of ethyl iodide upon silver oxide; 

2C,HJ 4- Ag^o 4- 2AgI 

Preparation. 

In the laboratory as well as on a large scale, ether is 
made by the continuous etherification process. The method 
consists in dehydrating ethyl alcohol with concentrated 
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sulphuric acid. Sulphuric acid, acting upon the alcohol, 
first produces ethyl hydrogen sulphate. The ethyl hydrogen 
sulphate acting upon fresh alcohol produces ether and 
regenerates sulphuric acid: 

aH,.OH + H,SO, = C,H,.HSO, + H,0 ■ 

OH -f C^H.-HSO, - C,H,.O.C,H ^ 

The sulphuric acid again acts upon fresh alcohol and the 
process is thus a continuous one. In practice, however, one 
part of concentrated sulphuric acid can convert only about 
10 parts of alcohol into ether since the acid gets diluted with 
the water formed and the reverse reaction occurs. There are 
also side reactions like the formation of ethylene or the 
partial reduction of sulphuric acid to form SO2. 

A mixture of rectified spirit (50 cx.) and cone, sulphuric 
acid (50 c.c.) is taken in a round bottomed distillation flask 
(cap. 500 cx.) containing some clean dry sand, to ensure 

steady boiling, and 
fitted with a long 
thermonieter and a 
tap funnel both of 
which dip into the 
mixture of alcohol 
and acid. The side 
tube of the flask is 
attached to a long 
condenser through 
which ice water is 
circulated. The con- 
denser is attached 
to another small 
'distillation flask which acts as the receiver (Fig. 27). The 
receiver is kept cool with i6e water and the side tube is con- 
nected with a long rubber tube leading to a sink so that the 
inflammable vapours of ether do not come in contact with a 
flame. The flask is heated ov^er a sand bath and the tempera- 
ture of the mixture of alcohol and acid is kept between 
140^-145°. The rectified spirit (50 c.c.) kept in the tap 
funnel is then allowed to flow drop by drop at the same rate 
at which ether distils over, until the reaction is complete. 
The distillate, containing ether with water, alcohol, sulphur 
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dioxide, ajdehyd^ and other impurities, is taken in a separat 
ing funnel, washed first with dilute caustic soda to remove 
the sulphur dioxide and then with a strong solution of 
common salt to remove the alcohol. The ether is then dried 
with anhydrous calcium chloride, filtered and redistilled. 

To obtain perfectly anhydrous ether, it is first shaken 
with anhydrous calcium chloride, filtered and then treated 
with finely drawn wires of metallic sodium, and redistilled. 

Ether prepared from methylated spirit is known as 
methylated ether, w'hich is used for commercial purposes as 
a solvent, etc. 

Froperties and Reactions. 

Ether is a mobile colourless liquid with a characteristic 
odour. It has a sp, gr. ^of 0720 at 15^" and boils at 34'6° 
(760 mm.). It is very volatile and produces intense cold 
by its rapid evaporation. Its vapour is highly inflammable 
and is about 2| times heavier than air and whpn heated its 
vapour flows down instead of rising up as in- the case of 
petroleum ether. Ether vapour forms an explosive mixture 
with air, oxygen or nitrous oxide in certain proportions. 
The concentration necessary for explosion with air is stated 
to be between 1*8 and 6 0 per cent of ether vapour by 
volume, the optimum concentration being about 4 ^r cent. 
Below the lower limit, the mixture neither explodes nor 
takes fire as it is too much diluted with air. Above the upper 
limit the mixture becomes inexplosive but remains inflamm- 
able all the same. Being very inflammable, ether should 
always be kept away from a naked flame. Ether mixes with 
absolute alcohol, chloroform or petroleum ether in all pro- 
portions. 100 c.c. of water disspive about 8*i c.c. of ether 
at 22® and 100 c.c. of ether will dissolve about 2 9 c.c. of 
water at 22°. Ether is a very inert liquid having no action 
on alkalies, metallic sodium or cold PCI5. When heated 
with PCI, it gives ethyl chloride : 

+ PCI, « 2C5H,C1 4- POCl,. 

J 

Heated with water under pressure in the presence of 
HjSO^ it 3nelds alcohol; 

C,H,.O.CaH, + H,0 - 2C,H,.0H 
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' ’ It yields alcohol and CaH^.HSO^ when heated with cotoc. 

H,SO,: 

C,H,.O.C,H, -f H,SO, = C.UyOH + C,H ,.HSO, 

Concentrated HI decomposes ether on heating and yields 
ethyl Iodide : . 

C,H,,O.C,H, + HI = 2C,H + H,0. 

Exposure to air a5;id sunUght is stated to bring about a 
partial decompositior^ of ether with the formation of an 
unstable compound, vinyl alcohol CH^: CH.OH and hydro- 
gen peroxide, both of which impart to the sample the property 
of exploding by heat, percussion or violent shock. Similarly, 
oxygen, ozone and certain substances known as carriers of 
oxygen oxidize ether in the presence of moisture to a 
poisonous and highly explosive substance ethyl peroxidCy 

which explodes readily on heating, especially 

in the presence of fats and oils and other organic substances. 
For these reasons, ether should always be stored in a dark 
place in amber coloured bottles filled up to the neck, specially 
when required for anaesthetic purposes. It is also desirable 
to use small bottles of ether for anaesthesia in the operation 
■^eatre and to reject the remnants in the bottles after the 
day’s work instead of transferring the same to other bottles 
for next day's operations. In the presence of oxygen ether 
is readily decomposed by red hot platinum wire and perhaps 
also by other red hot metals into acetaldehyde, formaldehyde, 
etc. Electro-cautery in nose or throat under ether anaesthesia 
is, therefore, attended by a certain amount of risk to the 
patient. 

Uses . — Ether is an excellent solvent for fats and oils and 
is also a good solvent for resins, collodion, alkaloids, etc. It 
is, therefore, used widely as a solvent both in the laboratory 
and in industry. Ether is used as an anaesthetic and although 
it is weaker than chloroform in its action it is preferred, to 
the Ij^tter since it is less toxic. For light operative anaesthesia, 
the concentration of ether vapour in air is about 5*6 per cent 
by volume or 18-5 milligrams of ether per 100 c.c. of air. 
It proves fatal if the concentration goes up, to ii per 
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The concentration of ether vapour under the mask during 
surgical operations usually averages to 7 per cent by volume. 


ImpuHdet of Ether and their Tests. 

The impurities likely to be present are alcohol, sulphuroui add 
and other free acids, aldehydes and ketones, ethyl peroxide, etc. The 
B.P. ether for anaesthesia should be free from all these impurities 

(i) Test for peroxide. — Take 8 c.c. of lo per cent KI and 5 
drops of a freshly prepared solution of ^rch in a stoppered tube, 
fill to the brim with the ether, stoppej^ without allowing any air 
bubble, shake vigorously and set aside pin the dark for half 9 m. 
hour. A brown or reddish colour is prcxiuced ii traces of peroxide 
are present. 

1(25 Test for acetone and aldehydes. — Take 2 c c. of Nesderis 
reagent in a stoppered tube (12 c.c.) and fill the tube with the ether. 
Insert the stopper, shake vigorously for a few seconds and set aside 
for 5 minutes. No colour or turbidity is produced if ether is free 
from acetone or aldehydes. 

Alcohol. SO,, etc., a^e detected by the usual tests. 

N.B. Hydroquinone in a concentration of i in 5000 is some- 
times added to ether to prevent the formation of peroxide. Its 
presence vitiates the test for aldehydes and it should, therefore. 
separated by distillation before the test is applied. Other antioxi- 
dants such as pyrogallol and propyl gallate are also used for tbifi 
purpose. 


THIO-ALCOHOLS OR MERCAPTANS 


The thio-alcohols may be considered to be sulphur 
analogues of the alcohols. They may also be regarded as 
derivatives of sulphuretted hydrogen, one atom of hydrogen 
of which has been replaced by an alkyl group; they are, 
therefore, also known as cdkyl hydrosulphides. 


C.H. 


H 



Ethyl 

alcohol 


C,H,. 

/S 

h/ 

Ethyl 

thio-alcohol 



Sulphuretted 

hydrogen 




H 



Ethyl 

hydrosulphiJe 


The thio-alcohols are also known as meiraptans {mercurium' 
mercury, captans — seizing) from the fact that they react 
easily with mercuric oxide to form crystalline precipitates of 
mercury mercaptides, e,g,, (C2H5S)^Hg. 

General Methods of Preparation. 

(i) By wanning an alkyl halide wfth potaasium hydro- 
sulphide in alcoholic solution: 

C,H,Br + KSH « C.H.SH 4- KBr. 
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(2) By heating an alcohol with phosphorus penta-sulphide, 
thus replacing O by S: 

5C.H.0H + P.S, = sC.H^SH + P,( 5 , 

General Properties and Reactions, 

The thio-alcohols are colourless liquids, except methyl mercaptan 
which is a gas. The lower members have an eKtremely nauseating 
smell. The boiling points of thio-alcohols are lower than those of 
the correaponding alcohols, e.g., CjM^SH boils at 37"*. They are 
insoluble jin water but soluble in aqueous alkalies. They di^lv© 
in ether and alcohol like alcohols the mercaptans react with 
metallic K or Na with e^lution of hydrogen and the formation of K 
or Na salts which are easily decomposed by water. The mercaptans 
are easily oxidized. Thus air oxidizes them to disulphides and 
nitric acid converts them to sulphonic acids: 

2C,H,SH + O = C,H,.S.S.C,H, + H ,0 
Ethyl mercaptan Diethyldisulphide 

C,H,SH 4* 3O = C,H,.SO,H 

Ethyl sulphonic acid 

The former reaction, viz., the oxidation of a thio-alcohol to a 
disulphide, is one of much biochemical interest and is found to occur 
in the living cell.e.^., in the transfonnatioos of cysteine to cystine 
or of glutathione to a disulphide (see Chapters on Proteins*). 

Mercaptans react readily with mercury salts, or even with 
mercuric oxide, to form crystalline mercaptides : 

2C,H,SH -f HgO = (C,H,S),Hg 4- H ,0 

Methyl Mercftptia, Methane Thiol, CH,SH: a product o€ 
putrefaction of proteins ; found in intestinal gases and sometimes 
in urine ; gas with unpleasant smell, b.p* 5*8'’ (752 mm.). 

Ethyl MercaptiB, Ethane Thiol, CjH^.SH : liquid widh 
unpleasant smell : very little soluble in water, b.p. 37® (760 mni.); 
sp. gr. 0-839 at 20*". 

Sulphonal. or Diethyf sulphone dimethyl methane: 

Acetone reacts with ethyl mercaptan giving acetone mercaptol: 


CH.s^ 


CH, 


CH,v 

CO+2HS.C.H. = )C(. + „,o 


'S.C.H, 


If this mercaptol is oxidized with a solution of potassium pennanga^ 
nate diethyl sulphone dimethyl methane or sulphonal is formed: 


CH./- Ns.c,H, CH. / '*\ S0,.C,H, 

Sulphooal 
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Sulphonal is a crystalline solid, m.p. 126®, and is used in medicine aa 
a hypnotic (sopor^c). 

Trionalor Diethyl suJplwne methyl e^hyl methane, is a similar 
ciy’stalline compound^ m.p. 70®, prepared from ethyl mercaptan andi 
methyl ethyl ketone. It has a more powerful and prolonged hypnotic 
action than sulp^nal. Another such compound, tetrona 

or diethyl suiphone diethyl methane, ^ crystalline 

c,H./ -N so,.c,H,^; 

solid, m.p. S9®, is prepared from ethyl mercaptan and diethyl 
ketone. This compound is very insoluble in water and therefore 
so good as a hypnotic for human beings, but it has a very powerful 
action on dogs. The physiological activity of these types of sulphones 
(see later) seems to depend upon the ethyl groups attached to 
sulphur. 

ALKYL SULPHIDES OR THIO-ETHERS 


These may be considered as derivatives of sulphuretted 
hydrogen the hydrogen atoms being replaced by alkyl groups, 
or as ethers in which the oxygen atom is replaced by sulphur; 
hence the names: 


c,h/ 

Ether 


Cfi/ 

Thio-ether 


General Methods of Preparation, 


(i) Action of alkyl halides upon potassium sulphide: 

2C,H,C1 + K,S = C,H,.S. + 2 KCI. 

{2) Action of phosphorus pentasulphide upon ethers- 

4 - P.S, - 5C,H,.S.C,H, + P.0, 

General Properties and Reactions. The alkyl sulphides 
are volatile liquids with a disagreeable smell. They are 
insoluble in water but soluble in alcohol and ether. They are 
neutral in reaction. On mild oxidation they are converted 
into stdphoxides and on stronger oxidatioir to sulphones, 
which are stable crystalline subst^ces: 

(C,H,),SO, 

Ethyl sulphotide Ethyl suiphone 
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Dimethyl Sulphide, CH,.S.CH, ; occurs in petroleum from Ohio 
and in some samples of geranium oil ; liquid with horse-rad. lisn like 
odour ; b.p. 38°. 

Diethyl Sulphide, CjH,. S. C, : liquid with ethereal smell ; b.p. 
92° ; insoluble in water. 

Mustard Ga8» ft (^'-Dichlorodiethyl sulphide, 
C 1 .CH,.CH,.S.CH,.CH,.C 1 : 

prepared the action of sulphur monochloride on ethylene: 

/CH,.CH,CI 

2CH,;CH, -f S,C 1 , = 4- S ► a very poisonous 

\ CH^.CHXl 

oily, volatile, colourless liquid with a faint horse-raddish or mustard 
like odour ; sp. gr. 1*27 ; l>oils with decomposition at 217°. volatile 
with steam. It is almost insoluble in water but is soluble in kero- 
sene, alcohol, ether, c.arlx)n tetrachloride, glycerol and all vegetable 
oils and fats. It is slightly soluble in vaseline. It penetrates 
through leather and wood work and Ls absorbed by rubber ; causes 
painful blisters on the skin, and extensive damage in the lung tissue 
when inhaler! ; u^ed as a poison (blistering or vesicant) gas in the 
first Great War : a concentration of 0-07 mg. per litre of air proves 
fatal On exjxisure for 30 minutes. It is 5-5 times heavier than air; 
it is slowly livdrolvzed by water into HCl and S(CH2CH„0ID, 
(thiodiglycol) which is not toxic. Bleaching powder, which is used 
as an antidote, reacts violently and decomposes mustard gas with 
c\'olution of much heat and formation of CO2, HCl, chloroform, 
chloral, etc., wliich are all harmless. So much heat is evolved in 
this reaction that the patient gets severe burns if undiluted bleach 
is used. 


ALKYL DISULPHIDES 

Preparation. 

(1) By the action of iodine upon sodium mercaptides: 

2CJI-SNa + L = C2H-,.S.S.C2H, -f 2NaI 

(2) By the oxidation of a mercaptan; 

-f O -f = C^H^S.S.C.H, -f H^O 

Diallyl disulphide, (CH^ : CH CHJ.S, : occurs in oil of garlic 
as its clj^ief component ; liquid with odour of garlic . b.p. 78-80“ 
(16 mm.^/ 

Allyl propyl disulphide, CH, : CH.CHj.S.S.CjHr • occurs in oil 
of garlic : b.p. 66-69'' mm.) ; liquid with odour of onions. 
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MONOBASIC CARBOXYLIC OR FATTY 
ACIDS, SATURATED 

We have seen before that a primary alcdfiol, the 
characteristic group of which is CH,OH, when carefully 
oxidized, yields an aldehyde, the CHjOH group changing to 
GHO. If an aldehyde is further oxidized we get an acid 
and the CHO group is oxidized to COOH, which is 

H OH 

I I 

CH,.CH,OH ►CH,— C = 0 C=0 

Ethyl ^cobol Acetaldehyde Acetic acid 

the characteristic group of an organic acid. It is monovalent 
and is known as the carboxyl group. The H atom of the 
carboxyl group is acidic and is replaceable by a metal forming 
a salt or by an alkyl radical to form what is called an ester. 
The acid is said to be monobasic if there is only one carboxyl 
group, dibasic if there are two carboxyl groups, and so on. 
Thus, the basicity does not dej)end on the number of H atoms 
as in inorganic acids but on the number of carboxyl groups. 
Ordinary organic acids are called carboxylic acids on account 
of the presence of acid COOH group, but there are organic 
compounds which act as acids and form salts but do not 
contain anjf COOH group, e-g., uric acid, carbolic acid, etc. 


CH, 

j 

coon 

CH.COOH 

COOH 

Monobasic acid 

I 

CHa 

1 

1 

CH COOH 

1 

(Acetic acid) 

COOH 

Dibasic acid 
(Malonic acid) 

CH.COOH 

Tribasic acid 
(Tricarballybc acid) 

The saturated 

monobasic acids 

form the following 

hcmologous series, 
C.H COOH 

r and possess 

the general ^ formula 


Formic acid H.COOH (b,p. loo fi®) 
Acetic acid CH,.CCK)H (bp. ufi®) 
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I 

Propionic acid C^HjCOOH (b p. x^i®) 
n-Butyric acid CjM^ COOH (b.p. i62'5''5 
n-Valeric acid C^,.COOH (b p, 185*4®) 
n-Caproic acid CJiu-COOH (b.p. 205®) 
etc., etc. 

Palmitic acid C,.H,i.COOH (m p. 62*5®) 

Stearic acid C,tHjj,.COOH (m.p, 69*5®) 
etc., etc. 

The monobasic acids of this series are known as fatty 
actd€ since some of the higher members are present in fats 
as esters. 

Nomcndatiire of Aods. — Although some of the 
acids have retained their old special names, it is usual to 
designate them according to the number of carbon atoms in 
the molecule: £,g., hexoic acid, nonylic acid, etc. According 
,lo the Geneva nomenclature, the word 'acid' is attached to 
the hydrocarbon from which it is derived. Thus formic add 
is methane acid, acetic acid is ethane acid, n-valeric acid is 
pentoic acid, stearic acid is octadecylic acid, and so on. In 
describing the position of a substituent in an organic acid, the 
carbon atom adjoining the COOH group is called the a carbon 
atom, the next one the p carbon atom, and so on. Thus, 
CH3.CH2.CHCl. COOH is ^-chloro butyric acid, 
CH3.CH(0H).CH2.C00H is p-hydroxybutyric acid, and 
so on. 

General Methods of Preparation. 

(1) Oxidation of the corresponding primary alcohols: 

4- O, = CH,.COOH + H,0 
Ethyl alcxDhol 

(2) Hydrolysis of alkyl cyanides: e-g., 

CH,CN + 2H,0 = CHj-COOH + NH, 

Methyl cyanide Acetic acid 

General Properties of Adds. 

The members of this series up to capric acid 
are volatile with steam and these are, therefore, called volatile 
fatty acids. The lower members (up to pelargonic acid 
m.p. 12*5'^) are colourless liquids with characteristic 
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smell but the higher members (from capric acid, m.p. 
are colourless crystalline solids and are greasy to the touch. 
The lower acids are easily soluble in water but the solubility 
decreases rapidly with increase of molecular weight. They 
are all soluble in alcohol and ether. The aqueous and alcoholic 
solutions turn blue litmus red. The hydrogen atom of the 
carboxyl group is replaceable by metals with the formation 
of salts. The sodium, potassium or ammonium salts are 
generally soluble in water but the calcium and magnesium 
salts of the highei; acids are insoluble (see hard water); 
They combine with alcohols forming esters, e-g-, 

CH,.COOH -f C,H,OH = CH,.CO.O.C,H, -f- H,0 
The acids react with phosphorus pentachloride with the 
formation of acid chlorides: e^g., 

CH,.CO.OH 4 - PCI, = CH,CCX:i -r POCl, + HCl 
With the exception of formic acid the acids are fairly stable 
tovvards the common oxidizing agents although very strong 
oxidizing agents would ultimately convert them into CO^ 
and H.O. 

Formic Acid, Methane Acid^ H.COOH 

Occurrence, — It is found in red ants {Formca rujii, 
from which the name 'formic' is derived), in the stings of 
some insects, in the hair or bristles of the common nettles 
{Bichuti planCl Tragia invohicrata, and in small quar.Cties 
in perspiration and human urine. It has also been found in 
the fruit juices of many plants. 

Synthesis. 

(1) By the oxidation of formaldehyde: 

H.CHO 4 - O = H.COOH 

(2) By the hydrolysis of hydrocyanic acid: 

H.CN 4* 2H,0 = H.COOH 4- NH, =» H.COONH, 

(3) By the action of carbon monoxide, the anhydride 
of formic acid, on caustic soda, sodium formate is produced: 


CO 4- NaOH - H.COONa 
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This method is utilized on a commercial scale in which CO 
is passed under pressure of 7*8 atmospheres over soda-lirae 
heated to about 210°. The sodium formate formed is 
decomposed by heating with sodium bisulphate when 97 — 98 
per cent of formic acid distils over. 

Preparation. 

(4) In the laboratory^ it is most conveniently prepared 
by heating anhydrous oxalic acid with anhydrous glycerol. 
A mixture of glycerol (50 c.c.) and oxalic acid (40 g.) is 
taken in a distilling flask connected with a water condenser 
and fitted with a thermometer which dips into the glycerol 
mixture. The flask is gradually heated over wire gauze until 
the temperature of the mixture lies between iio''-i20^. 
There is a vigorous evolution of carbon dioxide and formic 
acid gradually distils over. When the evolution of carbon 
dioxide subsides, the liquid is cooled down to yo'^-So'" and 
more oxalic acid (40 g.) is added. The temperature is again 
raised to 110° -120" and a further lot of formic acid is 
obtained. 

The reaction takes place in three stages. An ester of 
glycerol, glyceryl monoxalate, is first formed. At the tem- 
perature of the reaction the monoxalate is decomposed with 
the evolution of carbon dioxide and the formation of glyceryl 
monoformate. The monoformate again acts on fresh oxalic 
acid with the formation of monoxalate and the production 
of formic acid: 

CtLOH CPTO.CO.COOH 

i COOH 1 

CHOn + I = CHOH -f H 3 O 

I COOH ( 

CH,.OH CH,OH 

Glyceryl monoxalate. 

CH,O.CO.COOH CH.O.CO.H 

I I * 

CHOH = CHOH 4- CO, 

I . t 

CH,OH CH,OH . ' 

Glyceryl monoformate 

CH.O.CO.H CH.O.CO.COOH 

I COOH I 

CHOH + I « CHOH -f- H.COOH 

I COOH I 

CH,OH CH,OH 
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N.fi . — If the proportioD of glycerol is doubled and the tem- 
perature is raised, alJyl alcohol, an unsaturated alcohol (see p. 91) 
is formed. 

(5) Anhydrous formic acid can be obtained by passing 
sulphuretted hydrogen over dry heated lead formate: 

(H.COO),Pb + H,S = 2H.COOH -f PbS. 

Properties and Reactions, 

Formic acid is a colourless liquid which bRsters the ski» 
and has a pungent odour. It b^ils at 100*8® (760 mm.) 
and melts at 8'6\ It has a sp. gr. of 1*22 at 2 o\ It mixes 
with water in all proportions and dissolves in alcohol and 
ether. It possesses a strong acid reaction yielding formates 
with carbonates, hydroxides, etc. 

It is decomposed when warmed with cone. H3SO4 with 
the evolution of carbon monoxide and hence formic acid 
cannot be dehydrated bv this means. Heating formic acid 
or a formate with cone. forms, however, a very good 

laboratory method of preparing pure carbon monoxide^ 
Formic acid, H.CO.OH may be considered as the hydroxide 
of the formyl radical H.CO — , which is identical wTth the 
aldehyde group — CHO. In acetyl (CH^CO — ), propionyl 
(CH3CH2CO — ) and other acid radicals of the higher 
homologues of formic acid, the H atom of the formyl radical 
is replaced by alkyl groups and the aldehyde group therefore 
disappears. Hence formic acid and its salts (formates) may- 
be expected to possess reducing properties not shown by the 
higher fatty acids or their salts. A formate will thus reduce 
a solution of silver nitrate to metallic silver and a solution of 
mercuric chloride to mercurous chloride and then to metallic 
mercury. It will also decolorize an acid or alkaline solution 
of KMnO^. When a neutral ferric chloride solution is added 
to a neutral solution of a formate, a red colour due to the 
formation of ferric formate is produced. On heating this 
solution, a reddish brown precipitate of basic ferric formate 
Fe(OH)j(H*COO) is obtained. The lead salt and the 
silver salt are sparingly soluble in water while the other 
salts are easily soluble. If dry sodium formate is heated, 
sodium oxalate is formed with the liberation of hydrogen; 
on the other hand, if oxalic acid is heated, it yields formic 
acid and carbon dioxide: 
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H.COONa 

COONa 

COOH 

H 


= H, '+ 

1 ; 

1 

n 1 '-f 

CO. 

H.COONa 

COONa 

COOH 

COOH 


T«stf 

(i) Micro-test: 

If a Deutral 

solution 

of a formate is 

treated 


with cerium nitrate and the solution allowed to evaporate, colourless 
aggregates of pentagonal dodecahedra are obtained. 

(25 Neutral ferric chloride added to a neutral solution of a 
formate gives a red colour which is discharged by HCI. On boiling 
the red solution a reddish brown precipitate of the basic salt i» 
obtained [H.COO.Fe(OH)J. 

(5) On warming a formate solution with mercuric chloride there 
is a precipitate of mercurous chloride. If there is an excess oi 
formate, the mercurous chloride is reduced to metallic mercury. 

(i) aHgCl, + H.COOH = Hg,Cl, -f 2HCI -f CO, 

(n) HgXl, + H.COOH = 2Hg + 2HCI + CO, 

(^) Cold cone. HjSO^ when added to a formate liberates carboo 
monoxide which will burn with a blue flame. 


2H.COONa + H,SO, = 2CO -f Na,SO, + 2H,0 

(5) Stiver fvirror test . — On warming a neutral solution of a 
formate with ammoniacal silver nitrate, a silver mirror or more- 
usually a grey precipitate of metallic silver is formed. 

Acedc Acid, Ethane Acid, CH3.COOH 

Occurrence. It is stated to be present in the free state 
or as a salt in minute amounts in muscle juice, in perspiratioD 
and in faeces. Salts or esters of acetic acid are known to 
be present in various plants as glyceryl ester in croton 
oil, as linaly] acetate in oil of bergamot, etc. It is present 
in vinegar and is also formed during the fermentation oi 
sugars. 

Synthesis, 

(1) By the oxidation of ethyl alcohol: 

CH,CH,OH -f O, = CH.COOH + H ,0 

(2) By the hydrolysis of methyl cyanide which can be 
synthesized from methyl iodide: 
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CHJ -f KCM = CH,CN -f KI 

CH,CN -h 2H,0 = CH^COOH 4* NH, « CH, COONK, 

Preparation of Acetic Acid. 

(3) From calcium carbide: This s\'Dthetic method is 
now-a-days used for the manufacture of acetic acid. The 
acetaldehyde obtained is oxidized by heating it in a current 
of air in presence of a catalyst such as manganese acetate. 

CaC, 4 - 2H,0 - CH : CH -f- Ca{OH), 

CH • CH 4 - H ,0 = CH,.CHO;CH,CHO ^ CH,.COOH 

O 

(4) From destructive distillation of wood: The pyro- 
ligneous acid obtained (see under methyl alcohor. is treated 
with milk of lime to neutralize the acetic acid and the mixture 
of methyl alcohol, acetone, etc., is distilled off. The calcium 
acetate obtained in the residue is dissolved in water, filtered 
from tarry impurities and treated with sodium sulphate. 
Calcium sulphate is precipitated and the solution of sodium 
acetate is filtered and evaporated to dryness. The residue is 
heated to fusion to remove water and to destroy some of the 
impurities and the dry anhydrous sodium acetate is taken in 
iron stills and decomposed with cone. H2S0^ and distilled. 
The distillate is fractionated in suitable stills and purified 
further by distillation after treatment with potassium dichro- 
mate w'hich oxidizes organic impurities if any. 

Vinegar. 

Vinegar (Lat. vinum — wine, acer — sour) is the acid 
liquor obtained by the acetic fermentation of alcoholic liquids 
(such as wane, cider, beer, fermented malt solution or 'wortb 
etc., by Mycoderma aceti or '' mother of vinegar 'b a fungus 
the spores of which are present in the air) and usually 
contains about 4-6 per cent of acetic acid. The vinegars 
possess different names according to their origin, c.g., white 
or wine-vinegar and brown or malt-vinegar , etc. Owing to 
The low' content of acetic acid in vinegar (max. about 7 per 
<!ent), 'it is never used for the preparation of acetic acid. 
The maximum concentration of acetic acid in ''acteic 
fermentation" of wines does not exceed 14 per cent. 
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, Quick-vincgat Process, A large wooden cask, provided 
with a perforated bottom and side holes to all^w a free access 
of air, is filled with wOod shavings which allow an increased 
surface for the exfftosure of the alcohol to air. The wood 
shavings are previously moistened with strong vinegar which 
contains the fungus Mycoderma aceti. Dilute alcohol (7-8 
per cent) is then allowed to trickle slowly from above through 
a perforated wooden disc. The oxidizing enzyme secreted 
by the fungus oxidizes alcohol in the presence of air to 
acetic acid. The cask is kept at about 30°-35'^ and the liquid 
collecting at the bottom is run through the shavings several 
times. Besides acetic acid, vinegar contains some alcohoh 
acids like tartaric acid and succinic acid and some esters, the 
aroma of the vinegar being due to the latter. 

Properties and Reactions of Acetic Acid. 

Pure acetic acid is a colourless liquid at ordinary tem- 
perature but solidifies at 167 to a white crystalline mass 
which looks like ice and from which the name 'glacial' acetic 
acxd has been given to the pure acid. It has a characteristic 
pungent odour and produces blisters on the skin. It boils 
at 118 (760 mm.) and has a sp. gr. of 1*0514 at 20®. 

It is hygroscopic and mixes with water, alcohol and ether in 
all proportions. It bums with a feebly luminous flame. 

' Acetic acid is stable towards oxidizing agents such as 
potassium dichromate or potassium permanganate and is 
sometimes used as a solvent for oxidizing organic substances. 
The normal salts of acetic acid are aJl soluble in water, the 
mercury and silver salts being sparingly soluble. It is 
an excellent solvent for organic substances and also dissolves 
sulphur, iodine and a few other inorganic substances. 

If dry chlorine is passed through glacial acetic acid in 
the presence of sunlight and some catalyst like iodine or red 
phosphorus, the three hydrogen atoms of the methyl group 
are gradually replaced by chlorine and we get monoctUor^ 
acetic acid CHaCl.COOH, dichloracetxc acid CHCljCOOH 
and trie hloT acetic acid CClj.COOH. When acetic acid is 
heated with some ethyl alcohol in presence of a little cone. 
HaSO^ eihyl acetate is formed: 
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CH,.COOH + C,H,.OH = CH,.COOC,H, + Hfi. 

With phosphohis tri- or pentachloride aeetic acid gives acetyl 
chloride CHjCOCl the OH group of COOH b^ing replaced 
by chlorine. 

Uses of Acetic Acid and Us !^alis. 

Acetic acid is used as a solvent for organic substances 
and is a ver}^ common laboratory reagent. The glacial acid 
is used in medicine for destroying warts. Zinc dust and 
glacial acetic acid is a useful reducing agent. Acetic acid 
forms both normal and basic salts. Calcium acetate 
(CH3COO)2Ca is used in the manufacture of acetone. 
Sodium acetate CH^COONa. 3H3O is used as a buffer and 
ammonium acetate CHjCOONH^ is used in medicine as a diu- 
retic. Normal or neutral lead acdate (CH^COO) jPb,3HjO 
is a colourless crystalline solid. It possesses a sweet taste 
and hence it is known as sugar of lead ; it is however poison- 
ous. It is used in medicine as an astringent. Basic lead 
acetate Pb(CH3COO)j«PbO is prepared by dissolving 
litharge PbO in a solution of normal lead acetate. A dilute 
solution of this salt is used in medicine under the name of 
Goulard's lotion as a cooling and astringent lotion in sprains 
and fractures. Both the normal and basic lead acetates are 
important reagents and used as precipitants particularly for 
the precipitation of taomns and colouring matters from solu- 
tion. Basic copper acetate {Cll,CO 0 )^Cn,Cu( 0 ll)^ 
known as verdigris, is used as a green pigment. A double 
Salt of copi)er acetate and copper arsenite 

Ca(CH:COO) 2 . 3 C«(A.Oz )3 

known as Schweinfurt green or Paris green, is used as an 
insecticide, especially for killing mosquito larvae as an 
antimalarial measure. The acetates of iron, aluminium and 
chromium are used as mordants in dyeing. 

Tests for Acetic Acid. 

(ij A neutral solutioo of ferric chloride gives with a neutral 
solutioti of acetic ai?id a deep red colour due to the formation of 
ferric acetate (CH^CCX^j^Fe. The red colour is discharged by HCl. 
On boiling the red solution, a brown precipitate of basic ferric 
acetate (CH,CX)0)Fe(0H;). is formed. ^ a ic tem 
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(2) WheQ heated with alcohol aad cottc. acetic acid 

produces ethyl acetate w^hich is recognized by its characteristic 
peasant odour. , ^ . 

{3) t)n heating a mixture of a dry acetate with a little 
oxsenious oxide, an extremely nauseous odour of cacodyl oxide 
(CH^')jAs.O.As(CH^fi is perceived ; this is extremely poisonous. 

(4) Silver nitrate added to a /neutral solution of acetic acid 
^ves a white precipitate of silver acetate which is not reduced by 
boiling (distinction from formate). 

(5) Micro-test : A few' drops of uranyl formate (or uranyl 
nitrate -fNa-formate) is added to a fairly concentrated solutioa of 
the acetate on a glass slide and the mixture allow'ed to evaporate 
slowly. On examining the residue on the edges of the cover slip 
under the microscope, very characteristic pale yellow tetrahodrad 
crystals of sodium uranyl acetate are observed. 

Some Commoq Saturated Fatty Acids. 

Propionic Acid, CHa CH^.COOH : found in pyroligneous acid, 
in sw'eat and in certain fermentation processes ; liquid with pungent 
smell ; b.p. 141“, sp.gr, 0-9937 at 20"* . miscible with water in adl 
proportions, but separates out as an oily liquid by addition of CaCl,. 

n-Butyric Acid, CHj CHj.CH, COOH : found in the free state 
in small amounts in rancid butter and in perspiration ; occurs 3^ 
glyceryl ester, known as butyrin, to the extent of about 5 per cent 
in butter or ghee which is thus differentiated from body fat of 
.animal and also from vegetable fats and oils; prepared by the butyric 
fermentation of carbohydrates induced by Clostridium butyricus 
and other bacteria ; colourless liquid with a disagreeable smell like 
rancid blitter ; b.p. 162-5'^ ; sp. gr. 0-9587 at 20® ; miscible with 
'Water above — 3-8'* ; volatile with steam, 

n- Valeric Acid, Pentoic Acid, CH,.(CHJ,.COOH: foniad ia 

pyroligneous acid ; staged to be present as an ester in somff 
of valerian roots {V. Wallickii DC) ; colourless liquid wath odour 
iike butyric acid ; b p. 185-4® ; sp. gr. 0-9415 at 20*^ ; slightly 
soluble in water ; volatile with steam. 

Iso- Valeric Acid, Iso-valerianic Acid, (CH,), : CH.CH,.COOH;: 
found as bomyl ester in valerian roots {V. officinayis L.) and in froo 
state and as ester in the essential oils of several other plants ; the 
action of the valerian root in medicine in nervous disorders isi 
^attributed to this acid or its esters ; liquid with smell of putrid 
cheese ; b.p. 175** ; partially soluble in water. 

ft«Caproic Acid, Hexoic Acid, CH, (CHj)4.COOH oc 
CaHjj.COOH : found as glyceride in the fat from goat's milk, witeQoo 
the name (Lat. caper-godii) , adso in butter, ghee and oocoanut oil 
the glyceride caproin ; oily liquid with a weak unpleasant odour ; 
b.p. 205° ; sp. gr. 0-9294 at ao* ; inuoaisciblo witl^ water. 
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Oenanthic Acid, Heptoic Acid, CH,.(CH3),.COOH or 
C,H,j,COOH ; occurs in calamus oil ; liquid \yith taJlow like odour ; 
m.p.— 'lo" : b p. 223’5" ; sp. gr. 0-9183 at 20". 

n-Caprylic Acid, n Octylic Acid, ^ CHj.(CHj),,COOH or 
CjHjj.COOH: occurs in the lat from goat's inilki whence the name ; 
in butter, ghee and cocoanut oil as the glyceride caprylin and in 
various essential oils as ester ; liquid m.p. 16^ ; b-p. 237-5“ ; sp. gr. 
0-9139 at 20^ ; very sparingly soluble in water ; easily soluble in 
alcohol and ether. 

ii-C«pric Add, , n-Decyhc Acid, CHj.(CH,)b.COOH or 
C,H j,-COOH : occurs as glyceride in the fat from goat's milk, 

' whence the name, in butter, ghee and cocoanut oil as caprin ; solid,. 
^ P- 3 *' 5 ° b.p. 270“ ; sp. gr. o 895 at 30° ; almost insoluble in 
water, easily soluble in alcohol and ether. 

Laurie Acid, Dodecylic Acid, CHjdCHj^j^.COOH or 

C,iH^,.COOH; occurs as ester in cocoanut oil and in various other 
oils from vegetable sources ; crystalline solid, m.p. 44® ; insoluble 
in water but easily soluble in alcohol and ether. 

Myrifric Acid, letradecylic Acid, CH,{CH^,,.COOH or 

C,aHj,.COOH ; occurs as glyceride in nutmeg oil, cocoanut oil and in 
other oils of vegetable ongin ; crystalline solid, m.p, 53 8® ; easily 
soluble in absolute alcohol, ether, chloroform and benzene. 

Palmitic Acid, Hexadecylic Acid, CH5.(CHj),^.COOH or 

C,iH,,.COOH ; principal constituent of solid animal fats ; occurs also 
in vegetable oils such as palm oil, etc.; colourle.ss crystalline solid 
m.p. 62*5*' i insoluble in water ; 100 parts of absolute alcohol dissolve 
9-32 acid at 19 5® ^ easily soluble in boiling alcohol and in ethjr 
but soluble with difficulty in petroleum ether. 

Stearic Acid, Octadecylic Acid, CH3.(CH,),,.COOH Or 

CjjHjj.COOH ; occurs as glyceride in solid animal fats and also in 
' vegj^bJe oils ; colourless crystalline solid, m.p. 69 5° ; inso'uble in 
soluble in 40 parts of cold alcohol and one part of alcohol 

at 50". 

Arachidic Acid, Eicosane Acid, CH,(CHa)i,.COOH or 

Cj*H,,.COOH ; occurs as glyceride in notable quantities in ground- 
nut oil {Arachis hypogaea L.), whence the name, in butter fat andT 
as an ester or in the free state in various oils ; colourless crystalline 
solid, jn.p. 77® ; easily soluble in ether, chloroform, ligroin and 
. benzene but not in absolute alcohol. . 

Cerotk Acid, Cj* H,i.COOH ; occurs in the free state in bees 
wax, as an ester in Chinese wax, wool wax, and in opium wax ; 
.-colourless crystalline solid, m p. 78® : soluble acetone, benzene, 
ether, thJorerfonn and in boiling alcohol. 

"MeKitk Add, Ca,H„.COOH ; occurs in the free state in bees- 
wax ; colourlpss crystalline solid, m.p. 90® ; soluble in chloroform, 
ligroin and'het akohol, almost insoluble in ether and methyl alcohols 
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Some Halogen Derivatives of Fatty Acids. 

MonochloracetJc Acid, CH,Cl.COOH ; prepared by the action 
of dry chlorine on glacial apetic acid in presence of red phosphorus, 
and purified by fractionjil distillation ; crystalline solid, m.p. 
b p. 189° ; the solid or vapour has corrosive action on the skin ; 
easily soluble in water ; used in the preparation of synthetic indigo. 

Dichloracetic Acid, CHCI,.COOH ; prepared by the action of 
potassium ferrocyanide on chloral hydrate ; liquid, m.p. 10*8®, b.p^ 
194-4° ; soluble in water. 

Trichloracetic Acid, CCl,.COOH ; prepared by the oxidation of 
chloral hydrate with cone, nitric acid ; deliquescent colourless 

crystals with corrosive action on the skin ; m.p. 57®, b.p. 196-5* ; 

.soluble in water ; used for the treatment of certain skm diseases 

and as a reagent for testing albumin in the urine and also for 

precipitating proteins of blood and other tissues in biochemical and 
toxicological analysis. 

Monoiodo acetic Acid, CHjI.COOH ; the ethyl ester of this acid 
(see below) is used as tear gas. 

Ethyliodoacctite, CHJ.COOCjH^ ; prepared by double decom- 
position of the corresponding chlorine compound (ethyl 
chloroacetate) with KI in alcoholic solution ; colourless oily liquid, 
sp. gr. 1-8, b.p. I So"* ; at 20° its volatility is 3*1 mg. per litre ; is 
extremely irritant and lachrymatory, used in the first Great War 
(1914-18) as tear gas ; lowest lachrymatory concentration is 0 0014 
mgm. per litre ; intolerable cone, is 0 015 mgm. per litre ; a cone, 
of T-5 rngm. per litre is toxic on 10 minutes' exposure. 

ACID CHLORIDES 

When the OH group of the — COOH radical of an organic 
acid is replaced by a chlorine atom we get an acid chloride; 
e.g., acetyl chloride CH^CO.Cl from acetic acid CH,. CQpU, 
propionyl chloride CHjCH^CO^Cl from propionic acid 
CH3CH3.COOH, and so on. The acid chlorides, also known 
as acyl chlorides, thus contain the monovalent radical, 
— COCl and‘ they all possess properties peculiar to this re- 
active group. 

General Methods of Preparation of Acid Chlorides. 

(i) By the action of phosphorus trichloride or penta- 
chloride on an acid: e-g., 

3 CH,C 00 H -f PCI, =. 3 CH,C 0 CI + H.PO, 

Acetic acid Acetyl chloride 

CH.COOH + PCh « CH,.COCl 4- POCl, + HCl 
10 * 
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(2) By the action of thionyl chloride on an acid: 

CH.COOH 4- SOCl, = CH.COCl -h SO, -h HCl 
Thionyl chloride , 

General Properties and Reactions of Acid Chlorides. 

These are colourless fuming liquids or solids with a 
pungent smell. They show great reactivity as will be evident 
mm the following: — 

With abater, an acid chloride is readily converted into 
the corresponding acid; the fuming in moist air is due to this 
reaction: 


CH^COCl 4 - H,0 3. CH, COOH -f HCl. 

With an alcohol, an acid chloride produces an ester, the H of 
the OH group of an alcohol being replaced by an acyl group: 

C,H,OH -f CH..COCI =. C,H,.O.CO.CH, > HCl 
Ethyl alcohol Ethyl acx^tate 

This reaction is utilized not only for the preparation of an 
acyl derivative for the identification of an organic compound 
containing OH groups but also for the detection and estima- 
tion of OH grouf)s. 

With ammonia, an acid chloride gives an acid amide, the 
chlorine atom being replaced by an amino group: e.g,, 

CH,.COCl -f 2 NH 3 - CH.-CO.NH, -f NH,C1 
^Acetyl chloride Acetamide 

With an amine, an acid chloride produces a substituted acid 
amide, one of the H atoms of the amine being replaced by an 
acyl group: e.g., 

C,H,.NH, 4- CH,.COCl - CJL.NH.CO.CH, 4 - HCl 
Ethyl amine Acetyl chloride Acetyl ethylaraine 

(Ethyl acetamide) 

Acetyl Chloride, CH^.COCl: prepared by heating 
glacial acetic add with PCI,; colourless pungent liquid which 
romes strongly in moist air; b.p, 51°, sp. gr. 11051 and 20*^; 
the reactions of this compound have been discus&ed in the 
foregoing equations. 
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ACID ANHYDRIDES 

These are formed by the combination of two molecules 
of a monobasic acid with the elimination of a molecule of 
water. These acid anhydrides may also be regarded as acyl 
oxidesy i.e. the oxides of two acyl radicals, just as ethers are 
the oxides of two alkyl radicals. Thus acetic anhydride may 
be called acetyl oxide (CH3C0)30, and so on. When the 
acyl groups are derived from two difiEerent acids, instead of 
one, we get a mixed anhydride: 

CH. COOH -f CH,.COOH = CH.CO.O.CO CH, -f H,0 

Acetic acid Acetic anhydride 

C,H,.COOH 4- CH,COOH aH.CO.O.COCH, + H,0 

Propionic acid Acetic acid Propionyl acetyl oxide. 

General Methods of Preparaiicm of Acid Anhydrides. 

(1) By heating a mixture of the anhydrous sodium salt 
of an acid with an acid chloride: e.g., 

CH.COONii. + CH,.COCl = CH.CO.O.COCH, +NaCl 

(2) By the action of phosphorus oxychloride or thionyl 
chloride on excess of the anhydrous sodium salt of an acid: 

4CH,COONa 4- POCl, = 3CH,COCl 4 - Na,PO, 
fcH.COONa -f CH,COCl ^ (CH^COl.O 4- NaCl 

CH,.COONa 4- SOCl, = CH,.COCl 4- SO, 4 - NaQ 
CH,COCl 4- CH,COONa « (CH,C0),0 -h NaCl 

General Properties and Reactions of Acid Anhydrides^ 

These are neutral colourless liquids or solids with i 
pungent smell. They do not fume in moist air and act' less 
energetically than the acid chlorides although the reactions 
are very similar, as the following equations will show: 

(CH,C0),0 4 - H,0 - 2CH,C00H 
Acetic anhydride Acetic acid 

(CH,C0),0 4 - C,H,OH = C,H,. 0 .C 0 .CH, -f CH,COOH 

Ethyl alcohol Ethyl acetate' 

(CH,C 0),0 4 - 2 NH, « CH,CONH, 4 - CH..COONH, 

Acetamide Ammomum acetate 

(CH3C0),0 4- C,H, NH, « C,H„NH.CO.CH. + CH^COOH 
Ethylamine Ethyl acetamide 
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Acetic Anhydride, (CHj.CO)^©: prepared by treating 
fused (i.e., anhydrous) sodium acetate with acetyl chloride 
and distilling; colourless neutral liquid with a pungent smell; 
b.p. 136-5*^; sp. gr. 10757 at 21''; like acetyl chloride it is 
usi^ for the preparation of an acetyl derivative and for 
estimating the number of alcoholic OH groups in a molecule 
by introducing the acetyl radical into the molecule, the 
process being known as acetylaiicm; the reactions have been 
discussed in the above equations. Of the two acetylating 
agents acetyl chloride and acetic anhydride, the latter is 
easier to manipulate and cheaper than the other. It is an 
important reagent used extensively in the manufacture of 
synthetic chemicals. 


ACID AMIDES. 


These may be regarded as acids in which the OH radical 
of the COOH group is replaced by an amino group; e,g., 
CH3COOH — CHj.CO.NHj, They may also be regarded 
as derivatives of ammonia in which a hydrogen atom is 
replaced by an acyl group: e,g., 


H 

. / 
N—H 

\ 

H 


COCH, 

/ 

N— H 

\ 

H 


General Methods of PreParaXion 

(i) By heating the ammonium salts of fatty acids 
(partial dehydration): e,g., 

CH^COONH, = CH,CONH, -f H,0 
Ammonium acetate Acetamide 


On complete dehydration, e,g., by heating with an 

alkyl cyanide is formed: 

CH.COONH, = CH,CN + 2H,0 
(2) By the action of acyl chlorides or acyl anhydrides 
upon ammonia: e\g., 


CH.COa + 2 NH, « CH,CONH,+NHp 
Acetyl chloride Acetamide 

(CH,CO),0 -f 2 NH, - CH.CONH, + CH,COONH, 
Acetic anhydride Acetamide Ammonium acetate 
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(3) By heating esters with concentrated ajjueous 
ammonia: e.g., 

CH.COOC.H, + NH, = CH.CONH, + C,H,OH 
Ethyl acetate Acetamide Ethyl al x>hol 

General Ptoperlics and Reactions of Acid AnUdes, 

The lowest member, formamide, is a colourless liquid. 
The higher . members are colourless crystalline solids with 
comparatively high boiling points. The lower members are 
soluble in water. They are amphoteric in nature forming 
unstable salts like CH,CONH,.HCl and (CH3CONH)2Hg. 
When heated with dilute acids or alkalies they are hydrolyzed 
to the corresponding acids: e,g., 

CH.CONH, -h H,0 -h HCl - CH..COOH -f NH.Cl 
Acetamide Acetic acid 

CH„CONH, -f H,0 -f KOH = CH.COOH -f NH, +KO^ 

I 

With nitrous acid, an acid amide will yield the corresponding 
acid with evolution of nitrogen gas {cf. amines): e.g., 

CH.CONH. + OH.NO = CH,.COOH + N, + H.O 
Acetamide Acetic acid 

On heating with dehydrating agents like phosphorus pent- 
oxide, the corresponding alkyl cyanide or nitrile is produced 
which on the other hand yields ammonium acetate on com- 
plete hydrolysis (see p. 240), e.g., 

CH.CONH, = CH,CN + H,0 

Acetamide Methyl cyanide 

Acetonitrile 

When heated with bromine and caustic potash, an acid amide 
yields an amine: 

CH.CONH, 4- Br, -f 4 KOH =CH.NH, + 2 KBr + K,CO. + H.O, 

The reaction takes place in three stages, acetobromamide and 
methyl isocyanate being formed as intermediate compounds: 

CH..CO.NH, + Br. + KOH - CH.XO.NHBr + KBr 4- H.O, 
Acetamide Acetobromamide 

CH,.CO.NHBr -f KOH =* CH..N: CO + KBr 4- H.O 
Methyl isocyanate 

CH,.N:CO 4- 2 KOH CH..NH, + K.GO; 

Methyl anrine 
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This reaction, known as Hof mannas reaction or 
Hofmann's degradation method, enables us to pass from a 
higher homologue to a lower one; e,g., 

CH,.CH,OH CH.,COOH CH.XO.NH, 

Ethyl alcdiol o Acetic acid NH, Acetamide 

CH..NH. CH.,OH 

Br & KOH Methyl amine HNO, Methyl alcohol 

Thus, a compound with two atoms of carbon is changed into 
a compound containing one atom of carbon only. 

Formamide, H.CO.NHj ; prepared by neutralizing anhydrous 
formic acid with cone, ammonia, heating the salt in a current of dry 
ammonia at loo* to i8o® and finally in high vacuo ; colourless 
neutral liquid, b.p. 85*«95‘' (0-5 mm.). io5“-io6® (ii mm.) ; sp. gr. 

^ "*394. at 20'' ; soluble in water and alcohol in all proportions, very 
slightly soluble in ether ; soluble in glycerine ; dissolves sugars 
iHLe* glucose. 

Acetamidet CH,,CO.NH, : Prepared by distilling ammonium 
acetate and collecting the distillate above 215® ; colourless 
ciy'Stalline solid with a smell of mice, m.p, 82“, b p. 222® ; easily 
soluble in water and alcohol ; almost insoluble in ether ; soluble in 
^ycerine ; the reactions of acetamide have been already discussed 
in the abov# equations. 



CHAPTER XIII 

unsaturated monobasic fatty acids 
AND ESTERS 

UNSATURATED MONOBASIC FATTY ACIDS 

Fatty acids corresponding to the ethylene, acetylene or 
other scries of unsaturatetl hydrocarbons are known as 
iinsaturated fatty acids. The higher members of unsaturated 
fatty acids with one double bond are known to occur in 
most vegetable oils and in, some fats, the higher members 
with two or three double bonds occur in the vegetable oils 
known as drying or semi-drying oils (see below) while those 
with a still higher number of double bonds occur in certain 
fish oils. A few unsaturated fatty acids with hydroxyl 
groups are found in vegetable oils and the purgative action 
of certain oils is attributed to some of these hydroxylated 
unsaturated acids. Another important series of unsaturated 
fatty acids, the chaulmoogric acid series, which cannot 
strictly speaking be included under aliphatic compounds 
owing to their having a ring structure, should however be 
discussed under this heading since they possess many of the 
properties common to fatty acids due to the long straight 
chain along with the ring structure. 

The unsaturated acids would naturally show many 
of fhe^properties common to unsaturated bonds. Thus, they 
would combine with gaseous hydrogen in presence of catalysts 
and yield the corresponding saturated fatty acids (see hydro- 
genatkm, on p. i68). They decolorize bromine- water and also 
an alkaJine solution of potassium permanganate. They combine 
with iodine at the double bonds and hence possess iodine 
values (see). As a rule, these unsaturated fatty acids have 
lower melting points than those of the corresponding saturated 
fatty acids, as the following figures will show: — h5TX)gaeic 
acid CjjiHaoOj, m.p. 33® and palmitic acid 
m.p. 62-5" ; oleic acid m.p. 14° and stearic acid 

CinHapOa, m.p. 695"’ ; and so on. The icorr^ponding 
glycerides also show similar differences. Thus the triglyc^de 
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of oleic acid, triolein, ns a liquid having a low melting point 
( — ^4® to — 5*^) while the triglyceride of stearic acid, iristearin 
is a solid having a m.p, of This fact shows that oils 

contain a preponderating amount of glycerides of unsaturated 
fatty acids. 

Qassjficatioii. 

(1) The Oleic Acid Series (with one double bond) 

oleic acid from olive oil, etc. 

(2) The Chaultnoogric Acid Series (with one double 

bond in a fivecarbon atom ring and with a long 
straight chain): e.g., chaulmoogric acid from 
chaulmoogra oil, etc. 

(3) The Linolic or Linoleic Acid Series (with two 

double bonds) e.g., linolic acid from linseed 
oil, poppy seed oil, etc. 

(4) The Linolemc Acid Series (with three double 

bonds): e.g., linolenic acid from linseed oil, etc. 

(5) The Clupanodomc Acid Series (with four double 

bonds): e,g,, clupanodonic acid from fish oils 
such as sardine, herring and whale oils, etc. 

(6) The Ricinoleic Acid Series (with one double 

bond and one hydroxyl group): e.g,, ricinoleic 
acid from castor. oil, 

(7) The Acetylinic Acids (with one triple bond): 

e,g.^ propiolic acid. 

1. The Oldc Add Series, CaHjn-jOs ^ 

The acids of this series contain two atoms of hydrogen 
less than the corresponding saturated fatty acids, i.e., they 
possess one double bond. Hence they would combine with 
two atoms of hydrogen or with two atoms of bromine or 
iodine, and so on. The lead salts of the higher members of 
this series are easily soluble in ether apd they are separated 
by this means from the saturated fatty acids the lead salts 
of which are insoluble. 

(fl) CMdc Add, CH,.(CH,),.CH:CH.(CH,),.COOH, 
This acid occurs as a triglyceride, known as 
ol^ti or trioyin, in fair quanh'ties in nearly all vegetable oils 
^.g., olive oil, ground nut oil, almond oil, linseed oil, etc.), 
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in animal oils like cod liver oil and in smaller amounts in 
body fats of human beings and animals (e.g. taUow, etc.). 
It is easily prepared by ^ponifying tallow, precipitating the 
soap solution with lead acetate, drying the lead salt and 
extracting this with ether, decomposmg the lead oleate 
extracted by ether with HCL Pure oleic acid is a colourless 
oily liquid without any taste or smell; m.p. 14'’; b.p. 223° 
(10 mm.); sp. gr. 08998 at ii-S"*; iodine value 900; 
insoluble in water but dissolves in absolute alcohol and ether. 
In presence of a catalyst such as Ni and at high temperature 
it combines with 2 atoms of hydrogen (vide hydrogenation) 
and gives stearic acid. 


The solubility of the dry lead salt in ether is utilized in separat- 
ing oleic acid from palmitic, stearic and other solid fatty acids. 
Oleic acid penetnites the skin more readily than fats and oils and is. 
therefore, used for compounding medicines, such as mercuric oxide, 
for external application. It is also used in the preparation of soaj>s 
for delicate fabrics. When treated with nitrous acid, , oleic acid is 
converted into its solid stereoisomer (geometrical isomer) known as 
ehiidtc acid (m.p. 44 5^) ; this serves to identify oleic acid. 




H.C.(CH,%.COOH 
dlcic acid 


CH,.(CH,),.C.H 

II 

HOOC.(CH,),.C.H 
Elaidic acid 


(fc) Erucic Acid, CH,. {CH,),.CH:CH.(CH.},„COOH 

This occurs as a glyceride in the oil from the seeds of w'hite 
and black mustard, in rape oil and in other oils ; colourless crystal- 
line substance, m.p. 34 : insoluble in water, easily soluble in 
alcohol and ether. 


II. The Qiaulmoogric Add Series, Cn Ho. 4 0. 

The acids of this series contain a five-carbon atom ring 
with a double bond, and a long straight chain. Having an 
asymmetric carbon atom (in the ring), these acids show 
optical activity. They have a special medicinal value since 
the soluble salts and the esters are widely used in the treat- 
merit of leprosy. The chaulmoogric, hydnocarpic and other 
acids of this homologous series occur as glycerides in the 
fatty oils, known as chaulmoogra oils, obtained from the 
seeds of several species of Hydnocarpus, e.g., H. wightiana 
Bl., anihelmintica Pierr., H. venenata Gaertn., H. kurzii 
Wrbg. (Taraktogenos kurzii King), etc., found in different 
parts Off India, Siam, Philippines, and other places. 
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U) Owolmoogric Acid, CH CHv 

\CH.{CU,),„COOH 

CH,— CH, / 

It cn’stal) i7.es from petroleum ether or alcohol in col curled 
glistening leaflets, easily soluble in ether and chloroform but 
soluble with difficulty in other organic solvents ; m.p. 68* ; b.p. 
248* (20 mm.) ; iodine value 90*6; sp. rotation [cr]D^ = -f 56* (in 
chloroform)^ 

The ethyl ester of this acid, known as fithyl chaulmoQ grate, 
is a colourless liquid ; b.p. 230“ (20 mm ) ; sp, gr. 

0-9064 at 15^ ; sp. rotation -f 307° (pure liquid). 

( 6 ) Hydnocarptc Acid, CH - CH. 

I ‘\CH.(CH,),,.C00H 

CH,— CH,/ 

It cry'stallizes from hot alcohol or ethyl acetate in colourless 
lustrous leaflets, soluble in ether and chloroform but with difficulty 
in other organic .solvents ; m.p, 60"; iodine value icx> 7 ; sp, rotation 
[a] I) = -f 68-1* (in chloroform). 

Ethyl hydnocarpate, C,,H„.COOC,Hi, is a colourless liquid hav- 
ing a sp. rot, [a] r> = + (in chloroform) ; b.p. 211^ (19 mm.) 

Ill, Ltnolic or Linoleic Add Senea, 

The acids of this series contain two double bonds i.c., 
four hydrogen atoms less than the corresponding saturated 
acids, and hence form tetrabromides by which they are 
identified. Glycerides of these acids and those of the linolenic 
acid series occur in dryings oils or semi-drying oils, such as 
linseed oil, sesame oil, poppy seed oil. etc. The name 
'drying' is derived from the fact that when exposed to the air 
in thin layers, the oil absorbs oxygen from the air and is 
changed into a transparent solid resinous mass. These oils 
are. therefore, utilized in making oil-cloth, linoleum and 
various paints and varnishes. The l^ad salts are easily 
soluble in ether. The barium salts are soluble in ether 
containing a small proportion of alcohol. 

(a) Linoleic or LinoHc Acid, 

CH,.(CH,),.CH: CH.CH 3 CH :CH. (CH,),.COOH 

This occurs as a glyceride in drying and semi-drying oils such as 
poppy seed oil. linseed oil, sesame oil, cotton seed oil. etc. It is 
colourless oily liquid, soluble in alcohol and ether ; sp. gr. 0'9026 at 
18* : b.p. 228’ (14 mm.) : iodine value t8i' 3 ; on hydrogenation, it 
combines with 4 atoms of hydrogen to give stearic acid ; yields a 
tetrabromide C^,H,,0,Br^, m.p, 1 14*. 
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IV. The Linolcnic Acid Series, CnHar r.02 

The acids of this series occur as glycerides in drying 
arid scmi-diying oils such as linseed oil, poppy seed oil, 
cotton seed oil, etc., and contain 6 atoms of hydrogen less 
than the corresponding saturated fatty acids, Tlxey posses 
three double bonds and decolorize bromine water and alkaline 
permanganate readily. The formation of crystalline tetra- 
and hexabromides with Br serves as a test for their identi- 
fication and is utilized in detecting linseed oil in edible oils. 
Their lead salts and barium salts are easily soluble in ether. 

To carry out the hexabromide lest for inseed oil, 0-5 c.c. 
of the oil is taken in a dry test tube and to this are added 
10 c.c. of the bromine reagent (Br i part, nitrobenzene 
4 parts, glacial acetic acid 28 parts) and the test tube is 
closed and shaken. A yellow precipitate is at once formed 
and .settles rapidly which is not soluble in ether. 

(a) Linolenic Acid, 

CH,.CH,.CH;CH.CH,.CH:CH.CH5.CH:CH.{CH,),.C00H 

This acid occurs as a glyceride in linseed oil, poppy seed oib 
etc.; colourless oilv liquid ; hexabromide, m.p, iSo*'. On hydro- 
genation it gives stearic acid. 

V. The Qupanodonic Add Series, CnH 2 o h02 

The acids of this series contain 8 hydrogen atoms less 
than the corresponding saturated fatty acids. They are known 
to occur as glycerides in fish oils such as Japanese sardine 
oil, herring oil, whale oil, etc. The fishy smell of these oils 
is due to these acids and some of their oxidation products. 

(a) Clupanodonic Acid, 

A pale yellow liquid with fishy smell ; octabromide C,, 
blackens at 200 ° and decomposes without melting ; on hydrogenation 
it gives stearic acid. 

VI. The Ridnoleic Add Scries, CnHsn-zO.^ 

The acids of this series contain one double bond and a 
hydroxyl group. They are optically active due to an asym- 
metric C atom and yield acetyl derivatives due to OH group* 

(a) RicinoUic Acid, 

, CH,. (CH,),.CH(OH).CH,.CH : CH.{CH,),. COOH 
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It may be considered as a hydroxy derivative of oleic acid. As 
glyceride it occurs as the chief constituent of castor oil : oll)r liquid, 
m.p. 4* — 5*0 ; easily soluble in alcohol and ether ; it shows fetj sp. 
rotation [aju « 4 - 667* (pure liquid); [of]p =* -f 6*25* io-f7-5® 
(in acetone). 

VII. The Acetylenic Add Series, CnHap.^Oj 

These contain one triple bond and are prepa^rid 
synthetically. 

{a) PropargyUc or Propiolic Acid. CH —C COOH 

Liquid: boils with decomposition at 144°; smells like acetic acid; 
soluble in water, alcohol, ether and chloroform: yields explosive 
com|K)unds with aramoniacal cuprous chloride or ammoniacal silver 
nitrate (vide acetylene, p. 63). 

ESTERS. 

Or^ic and inorganic acids combine with alcohols with 
the elimination of water and form esters : thus, 

CH..COOH + C.H.OH = CH.CO.O.C.H, + H.O 
Acetic acid Ethyl alcohol Ethyl ' acetate 

(Ester) 


2H.O 


y OH / OCH, 

so/^ -f 2 CH,oh = so/ + 

\OH Methyl alcohol \ OCH, 
Sulphuric acid Dimethyl sulphate 

(Ester) 


We may thus define esters as derivatives of acids formed by 
the replacement of the acidic hydrogen atoms of the acids by 
alkyl groups. The reaction is similar to the formation of a 
salt by the replacement of the acidic hydrogen atom by a 


metal: e.g.. 


CH.COOH 
Acetic acid 


CH,.COO.C,H, 
Ethyl ester 



CH,.COO.Na 
Sodium salt 


.OH 

*\ OH ^ 
Sulphuric acid 


SO,< 




50,/«K. 

^OCH, 

Methyl eater 

/ONa 

Sodium salt 
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There is, however, a difference between an ester and a salt 
in that whereas the metal in a salt will ionize in solution, the 
alkyl group will never ionize. 

In the ca^ of dibasic acids, we may get either normal 
or acid esters just as we get either normal or acid salts: 


COOC,H, 

I 

COOC,H, 

ITietbyl oXalate Ethyl 

(Normal ester) 

COOH COONa 

C(^H COONa 

Oxalic acid Nonnal salt 


COOCjH, 

1 

CCMOH 

hydrogen oxalate 
(Acid ester) 

COONa 

I 

COOH 
Acid salt. 


We may also regard esters as derivatives of alcohols 
in which the hydrogen atom of the alcoholic OH group ^‘s 
replaced by an acyl group: c.g., 

C,H,.OH 4 - CH3CO.OH = C,H,.O.CO.CH, -h H,0 
It is, however, more convenient to remember esters as 
derivatives of acids as discussed above. Formerly, esters used 
to be known as ethers and that is why the ester ethyl acetate 
is still called acetic ether. 


Occurrence of Esters. 

Many of the esters have a fragrant odour and the sweet 
smell of flowers, fruits and other parts of plants are^due to 
the presence of esters. In the essential oils obtained from 
plants, the esters often form the main components. Many 
esters are prepared synthetically for making artificial flower 
and fruit essences and perfmne^. Thus amyl acetate has the 
smell of banana, methyl butyrate has the smell of pine- 
apples, isoamyl isovalerate has the smell of apples, and so on, 
and these are thus prep>ared synthetically as artificial flavour- 
ing agents. Some esters, such as ethyl acetate, amyl acetate, 
butyl acetate, glycol diacetate, etc., are used as solvents fov 
industrial purposes. Esters such as methyl salicylate, ethyl 
fiitrite, amyl nitrite, etc., are used in medicine. The naturally 
occurring vegetable or animal oils and fats, which foina 
important articles of our food, are all esters of the trihydric 
alcohol glycerol with various fatty acids. The waxes are 
esters of higher monohydric alcohols and higher fatty acids, 
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and the lipincs (or lecithins) found in our body tiss^s are 
esters of glycerol with tatty acids and phosphoric acid. 

General Methods of Preparation of Esters. 

(1) By heating an acid and an alcohol in presence of 
dehydrating agents such as cone, sulphuric acid, anhydrous 
zinc chloride, etc.; e.g., 

CH,.COOH + C,H..OH = CH..COO.C.H, + H.O 
Acetic acid Ethyl alcohol Ethyl acetate 

OrN.OH + C,H,OH » OrN.OC.H, H,0 
Nitrous acid Ethyl alcohol Ethyl nitrite 

The process of the conversion of an acid into an ester is 
known as esterification. The reaction is a reversible one 
(see under Ethyl Acetate), since the water formed reacts 
with the ester with the regeneration of the free acid and 
alcohol, and the object of the dehydrating agent used for the 
esterification is to prevent the following reverse reaction; 

CHj.COOC.H, + H,0 =. CH,.C(X)H + C,Hj.OH 
Ethyl acetate Acetic acid Ethyl akohol 

This reverse process, i,e., the decomposition of an ester into 
an acid and an alcohol with the help of water is called 
hydrolysis. 

(2) By heating the silver salt of an acid with an alkyl 
iodide: e.g., 

tCH,.COOAg = CH,.CCHX:,H, + Agl 

Silver acetate Ethyl iodide Ethyl acetate 

(3) By heating acid chlorides or acid anhydrides with 
alcohols: e.g., 

CH,.COCl -f- CHj.OH -CH,.axx:,H, 4- HCl 
Acetyl chloride Ethyl alcohol .Ethyl acetate 

CH,.CO.O.CO.CH, + C,H,OH » CH,.(X)OC,H, 4 - 

Acetic anhydride Ethyl alcohol Ethyl acetate Acetic acid 

<jciicral Propertici and Reactiofu of Esten. 

The normal esters are neutral in reaction, almost 
insoluble In water but soluble in ether, chloroform or absolute 
alcohol* Most of them are colourless liquids lighter than 
water and many possess a pleasant smell. 
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They\re slowly hydrolyzed by water and the hydrolysis 
occurs more readily when heated with dilute acids or alkalies. 
In the case of esters which are nott easily hydrolyzed by 
heating with aqueous alkalies, they are more readily hydro- 
lyzed by heating with an alcoholic solution at caustic potash 
in which the esters are more easily soluble: 

CH,COOC,H, 4 - KOH - CH^.COOK -f C,H,OH 
The hydrolysis of an ester with the help of an alkali, like 
NaOH or KOH, is sometimes spoken of as saponificedion, 
the process being similar to the conversion of a fat or oil 
into an alcohol and the Na or K salts of higher fatty acids 
which a e used as soaps (see p 168). Hydrolysis is, 
however, a general term meaning the decomposition of a 
larger molecule into simpler components with the help of 
water, and we will come across several examples of hydro- 
lysis amongst carbohydrates, proteins, etc. 

Esters of Acetic Add, 

Methyl Acetate, CH3.COOCH, : prepared by distilling acetic acid 
and methyl alcohol in presence of some cone, sulphuric acid ; 
colourless liquid with a pleai^ant ethereal smell ; soluble in three 
parts of water at 22° ; easily soluble in ether, chloroform or absolute 
alcohol ; b.p. 57-5'* {760 mm.[) ; sp. gr. 0-9280 at 20® ; used as a 
solvent for celluloid and as an artificii fruit essence. 

Ethyl Acetate, Acetic Eslor, Acetic Ether, CH^CCXX^jH^: 

(i) By action of ethyl iodide upon silver acetate: 

CH.COOAg 4- C,HJ - CH,.COOC,H, 4 - Agl 

{2) By heating glacial acetic acid with absolute alcohol: 

CH,.COOH + C,H,OH CH,.COOC,H, + H ,0 

This reaction is a reversible one, since the water formed reacts 
with the ester with the regeneration of the free acid and the 
alcohol, and finally a dynamic equilibrium is established 
between the forward and backward reactions. This forms a 
typical example of the trutl\of the Law of ^'fass Action and 
it has been found by actual experiment 4hat when equilibrium 
is established, about 67 per cent of the add is esteihed,. To 
help the forward reaction, one may do it either by a large 
increase in the concentration of the alcohol or by a decrease 
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of the backward reaction by the use of a dehydrating agent 
,lo remove the water formed. The latter is found te be more 
economical and hence the dehydrating agent cone, sulphuric 
acid is used in its preparation. 

In the laboratory^ ethyl acetate is best prepared in the 
following manner; A mixture of 50 c.c. of cone, sulphuric 
acid and 50 c.c. of alcohol is taken in a distilling flask which 
is fitted with a tap funnel containing a mixture of 50 c c, of 
alcohol and 50 c.c. of glacial acetic acid. The flask is heated 
over a "sand bath at 140° and the mixture of alcohol and 
acetic acid is allowed to flow in at the same rate as the ethyl 
acetate distils over. The distillate which may contain along 
with the ethyl acetate a mixture of alcohol, acetic acid, ether, 
sulphur dioxide and water, is taken in a separating funnel 
ahd washed first with a dilute solution of sodium carbonate 
to remove the free acids and then with a 50 per cent solution 
of CaClj to remove alcohol. The ethyl acetate is next dried 
with anhydrous CaC^ and distilled. 

Properties, Uses and Reactions of Ethyl Acetate, 

‘ It is a colourless liquid with a pleasant smell and is 
neutral in reaction. It dissolves in water to the extent of 
about 7*9 per cent at , and 28 parts of ethyl acetate 
dissolve one part of water. It dissolves easily in ether, 
chloroform or absolute alcohol. It boils at 77-1°. {760-nim.) 
and has a sp, gr. of 0 8990 at 2 o\ It is used as a solvent 
in the laboratory as well as in industry. It is also used as a 
fruit essence. It is hydrolyzed by dilute alkalies to ethyl 
alcohol and the alkali salt of acetic acid: 

CH^COOC.H, -f- NaOH « CH,.COONa + C,H,OH 

Halogen derivatives of ethyl aletate such as ethyl chloro- 
acetate CH^Cl.COOCjH^, ethyl bromo acetate, and ethyl 
iodoacetate were used in the first Great War as tear gases 
j'see p. 14^). 

i, , 

Esters of P>ncroU8 Add and Nitric Add. 

l^thyi Nitrite, NO ; prepared by treating cone, nitric acid 

with a cold mixture of alcohol and cone, sulphuric acid in presence of 
copper turning and subsequent distillation ; colourless liquid with 
pleasant smell ; b.p. J7* ; almost insoluble in water, soluble in 
akohd ; an alcoholic solution is used in medicine under the name of 
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aetkeris nitrosi {sweet spirit of nitre) as a stimulant, antispasmodic 
and carminative. 

Ethyl Nitrate, CjHeO.NOj*. prepared by distilling a mixture of 
AgNO, and C^HJ: AgNO, -f CX* = Agl + C, H,O.NO,. It is 
a colourless liquid with a fragrant smell ; sparingly soluble in water; 
b.p. 87°. 

Amyl Nitrite, CjH^^O.NO : the amyl nitrite used in medicine is 
made from commercial amyl alcohol which contains about 87 per 
cent of isoamyl alcohof (CHJjCH.CHj.CH^OH, the remainder being 
chiefly active amyl alcohol CH,.CH2.CH(CHJ,CH30H, and thus 
the nitrite produced is really a mixture of the nitrites of the 
above two amyl alcohols. Amyl nitrite is prepared by adding cone, 
sulphuric acid drop by drop to a well cooled mixture of amyl alcohol 
and powdered sodium nitrite. The mixture is then poured into cold 
water and the amyl nitrite separated, washed with a little watqr, 
dried with anhydrous CaCla and distilled. The B. P. amyl nitrite is 
a clear yellow liquid with a fragrant odour and a pungent taste, b.p. 
90 — 100“ . Pure iosamyl nitrite is a clear yellow liquid with a 
fragrant odour, soluble with difficulty in water but easily soluble 
in alcohol and ether ; b.p. 98", sp. gr. 0*8717 at 20®. Amyl nitrite 
on inhalation produces dilatation of blood vessels and relaxation of 
spasms and is, therefore, used as a valuable medicine in cardiac pain 
(angina pectoris) and in bronchial asthma. 

Nitro Paraffins. 

, These form a class of compounds isomeric with alkyl nitrites as 
the following structural formulae will show: 

R— O— N = 0 R— N 

Alkyl nitrite 

Nitro-paraffin 

Preparation of Nitro -paraffins. 

The lower members of the nitro-paraffins are obtained by 
distilling an alkyl iodide' with solid silver nitrite: thus, 

CH,I + AgNO, = CH,.NO, + Agl 
Nitro-methane 

The higher members, from heptane upwards, can be obtained by 
direct nitration of the hydrocarbons with fuming pitric acid. ' This 
direct nitration is fairly common amongst compounds of the aromatic 
series. 

Properties and Reactions of Nitro-paraffins, 

The lower members are pleasant smelling liquids having higher 
boiling points than the isomeric nitrites nitroethane b.p. 114**, 
ethyl nitrite b.p. 16“). When reduced, tne nitro paraffins yield 
primary amines whereas the alkyl nitrites yield the corresponding 
alcohol and hydroxylamiile : e.g., 

II 
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CjH^.NO^ 4- 6H « C,H,.NH3 + 2H,0 
Nitro ethane Ethyl amine 

C,H,.O.NO 4- 4H = C.Hj.OH + NH OH 
fethyl nitrite Ethyl alcohol Hydroxylamin© 

Alkyl nitrites are easily hydrolyzed by caustic alkalies whereas 
the nitro paraffins behave as acids and form^ salts; e.g., 

C^H^.O.NO 4- KOH = C,H,OH 4- KNO, 

, 4- KOH = C,H,:NQ.OK + H,0 

Potassium nitroethane 

Nitro ethane, C3H5.NO3: prepared by the action of silver nitrite 
'on ethyl iodide ; liquid, insoluble in water ; b.p. 114*. 

Esters of Sulphuric Acid. 

Dimethyl Sulphate, CHjO.SOg.OCHj : prepared by distilling 
methyl alcohol with cone, sulphuric acid; colourless poisonous liquid; 
b.p. 188® ; used as a methylating agent in synthetic preparations. 

Diethyl Sulphate, CjHgO.SOj.OCjH^ : prep^d by the action of 
ethyl iodide on silver sulphate ; colourless liquid with an odour of 
peppermint ; insoluble in water and neutral in reaction ; b.p. 96’ 
{15 ram.). 

Ethyl Hydrogen Sulphate, Sulphovinic acid CjHgO.SOj.OH : 
prepared by heating alcohol with cone, sulphuric acid, or by passing 
ethylene into fuming sulphuric acid ; colourless syrupy liquid, acid 
in reaction ; easily soluble in water ; forms salts, the acidic hydrogen 
being replaced by a metal. 

E«tm of Halogen Adds, e.g-, Ethyl chloride C2H5CI 
(see p. 70). 



CHAPTER XIV 


FATS, OILS, WAXES, STEROLS AND 
PHOSPHATIDES 


Fats and Oils 

Nature and Occurrence, 

There is no essential difference between a fat and an 
oil; chemically, both are esters of glycerol with higher fatty 
acids, but it is customary to designate the liquid members 
(i.e., those that are liquid at 2o''C) as oils or fatty oils and 
the solid members those that are solid at 20‘'C) as 

fats. The fatty oils are sometimes called fixed oils in order 
to differentiate them from the essential oils and mineral oils 
which are volatile. The fixed oils thus form a translucent 
spot (grease-spot) on paper which cannot be removed .by 
washing with water and subsequent drymg. The fats and oils 
may be of animal or of vegetable origin; some examples of 
common animal fats and oils are butter (from milk), lard 
(the body fat of hogs), mutton fat, beef fat, neat's foot oil 
(from the feet of oxen; neat — cattle), cod liver oil, shark 
oil, etc,, and examples of some common vegetable fats and 
oils are cacao butter (from the beans of Theobroma cacao L.), 
Chinese vegetable tallow (from the seeds of Sapiwn sebiferum 
Roxb.), mustard oil, cocoanut oil, ground nut oil, castor oil, 
olive oil, linseed oil, etc. 

J$olation of Fate and Oils, 

For animal fats, the tissues are chopped up, the fat 
melted with the help of steam or boiling water and the 
molten fat either skimmed off or filtered from the tissues. 
Cod liver oil is obtained from fresh livers of the cod fish, 
Gadus morrhm (hence, oleum morrhua), by applying low 
pressure steam at a temperature not Exceeding 85®, cooling 
to o'* and filtering from the separated fat. The vegetable oils 
and fats present in the seeds are usually obtained by i>acking 
them in linen bags and submitting them to high pressure in 
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a hydraulic press with or without the application of heat 
(usually steam) according as Jtot-pressed or cold-drawn oil 
is desired. The oil is then refined by filtering through 
substances such as fuller's earth, animal diarco^, etc., which 
remove most of the undesirable odour or colour. The oils 
are also extracted by suitable solvents such as light petro- 
leum, carbon disulphide, carbon tetrachloride, dichloroethy. 
lene, etc., and the solvent recovered by distillation. The 
yield of oil by extraction is higher than by pressing but the 
cost of extraction is also heavier. 

Usm of 'fatm and 0i7«. 

Fats and oils consritiite one of the three chief articles 
(carbohydrates, fats and proteins) of our diet. Animals 
synthesize fats from carbohydrate foods and it is not, there- 
fore, necessaiy for them to take fatty foods for storing fats 
in their body. Both in animal tissues and in seeds, the fats 
and oils act as reserve fuel or food. Fats and oils are used 
as lubricants and as illuminating agenis and in large amounts 
for the manufacture of various kinds of soap and of glycerol 
and nitroglycerine and also^ in the manufacture of stearin 
candles. The drying and semi-drying oils are used in the 
preparation of paiyds and varnishes. 

Physical PropertUs of FcdM and OiU. 

The physical distinction between fats and oils as solid 
and liquid members has been mentioned above. There is, 
however, no sharp line of demarcation between fats and oils 
and this physical difference is chiefly due to a difference in 
the constituent glycerides, the oils having a larger proportion 
of the low-melting glycerides. When pure, the oik and fats 
are colourless, odourless and tasteless, and the so-called 
characteristic odour or taste is due to the presence of traces 
of foreign matter. They have a lower specific gravity than 
water (usually varying from 0*910 to 0*970 at I5 5°C) and 
hence they float on wafer. The fatty oils are not volatile with 
steam like the essential oils. They produce a permanent 
tramlucent spot (grease spot) on paper as mentioned above. 
They are insoluble in water and ^th the .exception of castor 
ofl they dissolve very sparingly in cold alcohol, '^^ey are 
dissolved by boiUng alcohol to some extent but separate out 
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again on cooling. ' They dissolve easily in etker^ chloroform, 
benzene, carbon disulphide^ carbon tetrachloride, trichlor- 
ethylene, etc., and with the exception of castor o^, they also 
dissolve in petroleum ether and in paraffin oils. 

Chmmicfd Prop^rtUt and Rmactiong of Fat* and OiU, 

The natural fats and oils are all neutral esters of the 
frihydric alcohol gljfcerol with the higher fatty acids (^usually 
with an even number ot carbon atoms, such as steanc acid, 
palmitic acid, etc. , each of the hydrogen atoms of the OH 
groups of glycerol being replaced by an acid radical with the 
elimination of water. Thus, tripalmitin would be formed as 
follows: — 


ZH,.OH HO.OC.C^jH,, 

CH.OH + HO.OC.C,,H,, 

CH,.OH HO.OC.C,,H^ 

Glycerol Palmitic acid 


CH,.O.OC.C„H,i 
CH.O.OC.CjsH,^ 4- 

I 

Tripalmitin 


3H.O 


If all the three replaceable hydrogen atoms of glycerol are 
replaced by the same acid radical, the glyceride is known 
as a P^e glyceride, while if the acid radicals are different the 
glyceride is called a mixed glyceride. These glycerides are 
designated according to the nature of the fatty acids present. 
Thus, the ester of glycerol with 3 molecules of stearic acid 
is called tristearin (or simply, stearin), the ^ter with 
3 molecules of oleic acid is called triolein (or simply, olein), 
these being pure glycerides. Again, the ester of glycerol 
with 2 molecules of oleic acid and one molecule of palmitic 
acid as called palmitodiolein, the ester with one molecule of 
oleic acid and 2 molecules of stearic acid is called oleo distearin, 
and the* ester with equimolecular proportions of oleic, 
palmitic and butyric acids is called oleopalmito butyrin, 
these being mixed glycerides*^ In natural fats and oils, both 
pure and mixed glycerides are present although there is 
generally a preponderance of the latter. Thus cacao butter 
consists mainly of oleopalmitostearin, oleodistearin and 
stearodiolein together with smaller quantities of other 
glycerides, and olive oil consists mainly of triolein with 
smaller proportions of other pure and mixed glycerides. The 
pure glycerides of lower fatty acids such as tributyrin, tri- 
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caproin, &c., and the mixed glycerides with lower fatty acids 
such as oleopalmito butyrin are found only in milk fat. 

If we boil a fatty oil or a fat with NaOH, the glycerides 
are hydrolyzed with the formation of the sodium s^ts of the 
fatty acids present and glycerol is set free'e.g., 

C,H,(O.OC.C„H„), + 3NaOH = 3C„H„.COONa + C.H,(OH), 
Tripalmitin Na-palmit^te Glycerol. 

The alkali salts of the higher fatty acids are known as soaps 
and h^nce this process of hydrolysis of a fat or an oil with 
an alkali is known as saponification. 

Besides (i) the hydrolysis with the help of alkalies, oils 
and fats are also hydrolyzed on a large scale, (2) by heating 
the fat or oil with steam under pressure in the presence of 
2-3 per cent of fime or magnesia, (3) by heating with steam 
at ordinary pressure with 1-3 per cent of TwHchelV s Reagent ^ 
a mixture of the sulphonates of naphthalene and other 
substances, and (4) by the use of the fat splitting enZ5nne, 
lipase, extracted from castor seeds. After expressing the oil 
»9m the castor seeds, the ground residue containing the 
lipase is intimately mixed up with the oils to be hydrolyzed 
and a little dilute sulphuric acid added. The emulsion thus 
formed is left for 2 or 3 days at 30^-40°, when the fatty 
acids separate out. 

The saponification value of an oil or fat is defined as the 
amount in milligrams of KOH required to hydrolyze one 
gram of the oil or fat. It is determined by boiling a correctly 
weighed amount (about 2 grams) of the oil or fat with a 
known volume of N/2 alcoholic KOH (taken in excess of 
the calculated amount) for about half an hour under a reflux 
condenser. When the saponification is complete, a few 
drops of phenolphthalein are added to the cooled mixture 
and the excess of KOH left is titrated back with N/2 HCl. 
From the result, the amount of KOH required to hydrolyze 
the fat or oil can be easily calculated. The saponification 
value serves to identify an oil or fat and also to detect its 
adultemtion. For example, ghee has a ♦ saponification value 
between 220-232, and if it is adulterated with ground nut oil 
(sap, val. 191-196), the value is lowered or if adulterated 
with cocoanut oil (sap. val. 246-260), the value is raised. 
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Many of the fats and oils contain unsaturated acids such 
as oleic acid, linolic acid, etc. They absorb iodine at the 
double bonds and hence the degree of unsaturation is ascer- 
tained by the amount of iodine taken up as determined by 
the iodine values of these oils and f^ts. The iodine value ^ of 
an oil or a fat is defined as the number of grams of iodine 
absorbed by lOO grams of the oil or fat under definite condi- 
tions of experiment. It is determined by dissblving an 
accurately weighed amount of the oil or fat (o'2 to 0*5 gram) 
in 10 c.c. of pure carbon tetrachloride in a glass-stoppered 
bottle, adding 25 c.c. of the specially prepared solution of 
iodine (for instance, iodine trichloride in glacial acetic acid) 
and leaving it in the dark for about half an hour. Some 
KI solution and water are added and the amount of un- 
absorbed iodine is ascertained by tilmtion with a standard 
solution of sodium thiosulphate. The iodine value serves not 
only for the identification of an oil or fat but also for the 
detection of its adulteration. Thus, ghee has an iodine value 
between 26 and 38 and if it is adulterated with an oil like 
cocoanut oil (LV. S-io), the I.V. will be lowered, or if 
adulterated with groundnut oil (TV. 85-100), the TV. viill 
be raised considerably. 

The jodine value is also an important means of deter- 
mining the nature of an oil, and a rough classification into 
drying oils (LV. above 120; e.g,, linseed oil LV. 175-200), 
semudrving oils (LV. 100-120; e.g., cotton seed oil LV. 
105-115) and non-drying oils (LV. below 100; e.g.^ olive oil 
LV. 80-90) is based upon the iodine value. 

Besides the glyccAdes, the oils and fats contain small 
amounts of non-sa'bonifiable npatter which may be isolated by 
saponifying the oil or fat with an alkali and extracting an 
aqueous solution of the saponified product with etHer. The 
non-saponifiable matter consists of substances such as steals, 
higher alcohols, hydrocarbons, vitamins, phospBatides, 
ketones, etc. 

Fats and oils are detected in animal or vegetable tissues 
in histological sections by the black colour observed by adding 
a I per cent solution of osmic add. 
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Hydr^mnation of Oils and Fats. 

The unsaturated acids and their glycerides are generally 
more fluid than the corresponding saturated compounds. 
Cheaper grades of oils and fats are, therefore, made more 
solid, or hardened as it is called, by saturating them with 
hydrogen, the hydrogen atoms being absorbed at the double 
bonds. A current of pure hydrogen, prepared electrolytically 
is passed at a pressure of about 4 atoospheres through the 
oil or fat heated to about 180 and containing about i per cent 
of freshly reduced finely divided nickel which acts as a 
catalyst. This process is known as hydrogenation and it not 
only reduces the iodine value but ^so raises the melting 
point and solidifying point of the oil or fat and removes much 
of its objectionable odour and taste. It thus raises the value 
of the cheaper grades of oils and fats and makes them better 
fitted for the preparation of soap, stearin candles, margarine, 
etc. The so-called vegetable ghee of the Indian market is 
chiefly obtained by the hydrogenation of oils such as cotton 
seed oil, ground-nut oil, cocoanut oil, etc. 


Soaps, 

Fat or oil or a mixture of both is treated with the 
calculated quantity of NaOH solution in large iron pans and 
heated by steam until hydrol)^is is complete. Common salt 
is now added and the s^ium salts of the fatty acids {ix., 
soap) which are less soluble in brine are 'salted out' and float 
on the surface. The lower aqueous layer, called the 'spent 
lye', is drawn off and used for the manufacture of glycerol 
(see). The hot soap is then boiled with water and allowed 
to cool and solidify. The solid mass is cut up into chips, 
dried to some extent, mixed with the colouring matter and 
perfume desired and moulded into shape. 


The Ordinary toilet soaps are hard soaps, i.e. the sodium salts of 
fa^ acids while the soft soaps ard the potassium salts of the fatty 
acids with some glycerol. Transparent soaps are made either by 
dissolving soap shavings in alcohol or by using alcoholic alkali for 
hydrolysis ; most of the alcohol is distilled off and the gelatinous 
residue piade into cakes. Cheaper grades of soap such as washing 
soap contain filling materials such as China clay (kaolin, a natural 
silicate of aluminium), soapstone (magnesium siHcate), fuller's earth 
(an impure variety of kaolin), etc,, and various medicated soaps 
such as sulphur-, creosote-, carbolic-soap, etc., are made by incor- 
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porating these ingredients with the soap. Soap powders are obtained 
by mixing sodium carbonate with ordinary soaps. Liquid soaps are 
usually potash soaps diluted with water or alcohol and containing 
some glycerol. The plaster of lead of B.P. is a lead soap (mainly 
lead-oleate), made by boiling olive oil with litharge (PbO). 

The cleansing action of a soap is due to slow hydrolysis of the 
soap, which is the salt of a very weak acid, in the presence of 
water into the free fatty acid and free alkali. Thus, 

C,,H*i.COONa + H,0 C,,H,,.COOH + NaOH 

Sodium palmitate Palmitic acid 

(soap) 

The free fatty acid forms an acid salt with the unhydrolyzed soap 
and this acid salt gives an opalescent solution and forms the lather 
by lowering the surface tension of the water. The alkali loosens the 
dirt which is enveloped and removed by the lather formed. The 
advantage of a soap over NaOH is that the alkali cannot get con- 
centrated (the soap being regenerated by the reverse action) and 
thus the skin or the material to be cleaned is protected from the 
caustic action of the strong alkali. 

Water containing soluble calcium or magnesium salts is called 
hard water. On washing with soap the insoluble calcium or 
magnesium salts of the fatty acids, i.e., Ca or Mg soaps are formed 
and precipitated and thus some of the soap is wasted before the 
formation of a lather. 

Stearins. 

Chemically, ‘ stearin ' should mean, as stated before, the 
triglyceride of stearic acid, but the stearine of commerce used- 
for making stearine candle consists mainly of a mixture of 
stearic and palmitic acids. It is obtained by hydrolyzing fats 
or oils, liberating the fatty acids, and cooling and squeezing 
out the liquid fatty acids by pressing. The hard mass thus 
obtained is known as stearine and it is used not only in the 
preparation of candles after admixture with some paraffin 
but also in the manufacture of various toilet preparations. 

BUTTER 

The fat obtained from cow or buffalo milk known as 
butter, has the following approximate composition : fat 82 per 
cent, water 16 per cent, and casein, lactose, inorganic matter, 
etc., 2 per cent. Butter fat consists of the glycerides of higher 
fatty acids such as stearic acid, oleic acid, palmitic acid, 
myri^c acid, lauric acid, &c. (together about 91 per cent) 
and glycerides of lower fatty acids such as capric acid, 
capr)dic acid, caproic acid and t^tyric acid (together about 



170 ORGANIC AND TOXICOLOGICAL CHEMISTRY 

9 per cent). Amongst the lower fatty acids, butyric acid 
constitutes nearly half tiie amount. The high percentage of 
the glycerides of the lower fatty acids, the soluble volatile 
faity acids, is characteristic of butter and serves to distin^sh 
butter fat from all other fats. The ReicherUMeisd or 
ReicUert-W ollny value of a fat depends upon this factor 
and is defined as the volume (in c*c.) of N/io KOH required 
to neutralize the soluble volatile fatty acids obtained from 
5 grams of a fat. The Reichert-Meissl value of butter fat 
or ghee lies between 24 and 40 or more (the maximum being 
found only in buffalo ghee), whereas in the cace of body fats 
of cows, buffalo and other animals or in vegetable fats and 
oils it is quite low {e.g-, cocoanut oil 6*5 — 8 ; other vegetable 
oils 0*0 — 0*8 ; beef-fat 03 — 0*5 ; and lard 0-2). 

Ghee is clarified cow or buffalo butter from which curd 
and moisture have been removed by malting and straining. 
The standards laid down in Bengal for Reichert-Meissl values 
for ghee are: cow, not less than 24; buffalo, not less than 30. 

MARGARINE 

This is an artificial butter or butter substitute consisting 
of oils from various sources such as cotton seed oil, cocoanut 
oil, ground nut oil, etc., mixed with solid fatty acids such 
as steafine, and sterilized skim milk which has been inoculated 
with the butyric ferment (lactic acid bacilli), carefully grown 
in milk, so as to impart the blended mixture a butter like 
odour. Its melting point lies between 22°-27''C. 

In some cases animal fats such as beef fat and lard are 
mixed with the vegetable oils in such a proportion that the 
melting point lies within the range. Instead of adding animal 
fats stearine, which is more solid at the ordinary temperature, 
is sometimes added to the oils to give the desired melting 
point to the mixture. Hydrogenated fats, cotton seed 
and other vegetable oils or whale oil rendered solid by 
hydrogenation, are now extensively used to replace the 
animal fats or stearine to adjust the desired consistency. A 
harmless colouring matter and a little common salt are 
added finally. Some manufacturers add to it vitamins A and 
D to render it more nearly equivalent to real butter. 
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As all the ingredients are refined and sterilized, the 
final product is perfectly wholesome and its food value in 
calories is higher than that of butter. 

Waxes. 

These are the esters of higher fatty acids and 
higher monohydric alcohols. Thus, myricyl palmitete 
Cj^Hai.COO.CaoHgj, the ester of palmitic acid and myricyl 
alcohol CgoH^j.OH, is an important constituent of bees wax ; 
eery! ^erotate, the ester of cerotic acid CagH^^.COOH and 
ceryl alcohol C26H„.OH is the main constituent of Chinese 
wax and cetyl palmitate, the ester of palmitic acid with cetyl 
alcohol CjgHgj.OH is the chief constituent of spermaceti, the 
wax found in the head of the sperm whale and so on. 

Lanolin, Wool wax, Wool fat. — It is the natural greasy 
substance extracted from sheep's wool and consists of esters 
of cholesterol (see below) and other sterols with higher fatty 
acids like oleic acid, myristic acid, camaubic acid, etc., 
together with some free cholesterol and other sterols. It 
absorbs about 50 per cent of water and does not easily get 
rancid. It is readily absorbed by the skin and thus helps 
the absorption of drugs through this route and it i|, there- 
fore, used in making ointments. It yields on hydrolysis a 
mixture of fatty acids with cholesterol and other complex 
alcohols of unknown constitution. 

Sterols. 

These form a group of monohydric secondary alcohols, 
usually unsaturated, having a complex ring structure, 
all possessing the cyclopentenophenanthrene 
skeleton (see Fig.). ^ They are the normal 
constituents of oils and fats, both in the 
animal and vegetable kingdom. As men- 
tioned before, they are isolated from the 
non-saponifiable fraction of oils and fats. 

According to the source of the sterols they 
are sometime classified into (i) Zoosterols, 
i.e., sterols found in animal tissues, cholesterol, (2) 

Phyto-sterols, i.e., sterols found in vegetable tissues, e.g., 
sitosterol, stigmasterol, etc., and (3) Mycosterols, i.e., sterols 
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found m fungi, yeast, etc., e.g. ergosterol. They are all 
ciystalline solids (stereos— solid ; sterof—solid alcohol). 

Cholesterol, Ca^H.a.OH 


c^f CH 

Olf ^ 

CHi CH 
Ch$inUr§i 


This is an unsaturated 
secondary alcohol having a 
complex ring structure. It 
occurs in bile, bone marrow, 
nerve tissues, brain matter, 
blood corpuscles, blood 
sei^m and in various other 
animal tissues, in egg-yolk, 
in butter, in cod-liver oil, 
in wool fat (lai^olin), etc. 
Gallstones coittist' mainly of 
cholesterol and hence the 


name (Gk. chole-hi\t), A derivative of cholesterol, 7-dehydip- 
cholesterol, is normally present in the skin. On exposure to sunligut 
it is converted into vitamin D,. Cholesterol is not, however, found 
in the vegetable kingdom. It crystallizes from hot aqueous alcohol 
with one molecule of water of crystallization in fotir sided plates 
with chaaacteristic notched angles and from ether or benzene in 
needles; m.p. 145'* ; [u:]d = — 31-6'' (chloroforn^ ; [a]D = — 31*1* 
(ether). It is easily soluble in ether, acetone, chloroform, and 
benzene. It is insoluble in water, slightly soluble in cold alcohol but 
easily soluble in hot alcohol. It is soluble in bile salts but insoluble 
in aqueous acids or alkalies. The melting points of the acetyl 
derivative (ii4‘'<) and the benzoyl derivative (145°) help to differen- 
tiate cholesterol from the phytosterols. It forms a weak molecular 
union with digitoxin, saponin, etc. Tests’, (i) If a solution of 
cholesterol in chloroform is shaken with the same volume of cone. 
H^SO^ the chloroform solution is coloured red while the sulphuric 
acid shows a green fluorescence (Salkowski's reaction) ; (2) If one 
adds about 10 drops of acetic anhydride and one drop of cone. 
HjSO^ to about 10 drops of a solution of cholesterol in dry 
chlorofonn, the liquid changes in colour from rose to violet, then 
blue to dark-green (Liebermann-Burchard reaction). 


Sitosterol, OH. This is the phytostefol found in the 

grains of wheat and rye and in other vegetable seeds. It is a 
seconda^ alcohol with one double bond, ifoom aqueous alcohol, it 
crystallizes with one molecule of water of crystallization in colour- 
less plates, and from ether in needles ; m.p. i37*5° ; [ a ]d = 
— 26*71'' (ether). It is easily soluble in ether, chloroform and 
benzene, insoluble in water, slightly soluble in cold alcohol, but 
easily soluble in hot alcohol. The acetyl derivative melts at 127*5“ 
and the benzoyl derivative melts at 144*5“. The Salkowski and 
Liebermann-Burchard reactions are similar io cholesterol. 


Ergosterol, 

This occurs in very small amounts along with cholesterol in 
animal tissues and was first isolated from erj^ot (whence the name), 
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the fungus Claviceps purpurea which grows in rye. The main source 
of ergosterol is yeast from which it is usually prepared. It is an 
unsaturated (with double bonds) secondary alcohol with the complex 
structure shown here. It is changed into the antirachitic vitamin 
(calciferol) when it is 
exposed to ultra-violet 
rays, and ergosterol iso 
lated from yeast is con- 
verted into vitamin D, 

(see p. 388) in the 
laboratory by exposing 
its ethereal solution to 
ultra-violet rays of defi- 
nite wave-length. It is a 
colourless crystalline sub- 
stanch, ft p. 165°. It is 
soluble in ether and other 
solvents but insoluble 
in water. 


CH^ 




CH— CH 


CHCHC CB 

\ /V/ 

CH CH 
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PHoiphatide*, Phospholipins, Phospholipoids 

These are tompounds of phosphoric acid with fatty acids and 
nitrogenous substances, the best examples being the lecithins, the 
sphingomyelins, etc. 

L«C(tbin(. These are esters of glycerol with two fatty acids and 
phosphoric acid combined with tne nitrogenous base choline 
HO.CH,CH,.N(CHj),.OH. The general formula for lecithins is 
as follows: 


CH.O.CO.R' 

I 

CH.O.CO.R" 

I o 

I 

CH,.O.P— OH 

\ 

O.CH,.CH,.N(CHJ,.OH 

where R'CO. and R'^CO are two higher fatty acid radicals, at least 
one of which is unsaturated. The lecithins are found in the yolk 
of egg, in the liver, blood and other tissues, and they are also found 
in small amounts in vsigetable tissues. ' They are yellowish-white 
amorphous substances, soluble in absolute alcohol, ether, petroleum 
ether, chloroform and benzene bUt almost insoluble in acetone. 

Sphmg«my«linc. These are compounds of phosphoric acid, two 
fatty acids and the base choline and an unsaturated compound called 
sphingosin. They are found in fair amounts in brain tissues. It is 
not a true fat as it contains no glycerol. 

Galmctolipoids, Glycolipoidfs, Cerebrosides, These are compounds 
of galactose, a fatty acid and a nitrogenous base. They are found 
in the brain and nerve, tissues, e.g,, phrenosin, kerasin, nervbn, etc., 
which contain sphingosin as one of their constituents. 



CHAPTER XV 


DI- AND POLYBASIC ACIDS, ALDEHYDIC, 
KETONIC AND HYDROXY ACIDS. 
OPTICAL ISOMERISM 

Saturated Dibasic Acids. 

ti 

The acids of this series contain two carboxyl groups. 
The lowest member is known as oxalic acid and hence these 
acids are known as acids of the oxalic series. They form the 
following homologous series, the general formula being 
HOOC.CnHsn-COOH 

Oxalic acid HOOC COOH 
Malonic acid HOOC.CH,.COOH 
Succinic acid HOOC.(CH 5 )..COOH 
Glutaric acid HOOC.(CHj,.COOH 
Adipic acid HOOC.(CH,),.COOH 
Pimelic acid HOOC.(CH,),.COOH 
Suberic acid HOOC.(CH,),.COOH 
Azelaic acid HOOC.CCH^^.COOH 
etc., etc. 

General Methods of Preparation, 

(1) By the oxidation of the corresponding dihydric 
alcohols: e.g., 

HOOC.COOH 

Glycol Oxalic acid 

(2) By the hydrolysis of the corresponding nitriles: e.g,, 
CN.CH^.CN + 4H,0 =. HOOC.CH.XOOH + 2 NH, 

Oxalic Acid, COOH 

I 

COOH 

Occurrence . — The acid and its salts are known to occur 
in many plants ; e-g-, in rhubarb roots iRheum emodi Wall.) 
and in onion as insoluble Ca-oxalate, in rhubarb leaves and 
leaf-stalks and in the leaves of the Indian wood-sorrel or 
amrul {Oxalis corniculata Linn.) as acid potassium oxalate, 
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whence the name 'salt of sorter for the latter which is 
fairly soluble in water. Its salts occur in small amounts in 
normal urine but is increased (oxaluria) imder certain 
metabolic disturbances. Oxaluria is frequently followed by 
or occurs along with glycosuria (diabetes). Its excretion in 
the urine is also increased by the use of vegetables containing 
excess of salts of oxalic acid such as. Ole, Kachu or Arui 
{Arum), onion, etc. 

Synthesis ^ 

(1) By the hydrolysis of cyanogen or oxalo-nitrile: 

^ CN COOH 

I I + 2NH3 

CN COOH 

(2) By heating sodium formate under reduced pressure 
to about 280 . 


COONa 

2H.COONa = I +H, 

COONa 

fhe free acid is liberated by dilute sulphuric acid and purifiec^ 
by crystallization from water. Since Na-formate (see formic 
acid) is obtained cheap by the action of carbon monoxide 
upon caustic soda, this method is now used for the prepara- 
tion of oxalic acid on a large scale. 

Preparation of Oxalic Acid. 

(3) In the laboratory, oxalic acid is easily prepared by 
oxidizing cane sugar with concentrated nitric acid. The cane 
sugar (15 g) is carefully heated in a flask over a water bath 
with cone. HNO3 (7Sc.c.) and when the reaction has ceased 
the solution is tran^erred to a basin and concentrated on 
the water bath to a small bulk when crystals of oxalic acid 
separate out on cooling. They are purified further by 
recrystallization trom water. 

(4) On a large scale, it is obtained by heating cellulose 
with caustic alkalies. Sawdust which is rich in cellulose is 
made into •a paste with a strong solution of crude caustic 
potash and caustic soda and heated in thin layers over iron 
plates at 240° to 250®. The alkali oxalates formed are 
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extracted with boiling water, filtered and concentrated The 
oxalates which crystallize out are redissolved jn 
wSer and treated with milk of lime when cdaum oJ^te » 
^ioitated It is washed with water and decomposed with 
STSfulated amount of dUute sulphuric acid, the msoluble 
CaSO being removed and crystals of oxalic acid o a 
on concentilaon. It is further purihed by reciystalluatton 
from water. 

Properties, Reactions and Uses of Oxalic Acid. 

Oxalic acid crystallizes from water in colomless pnsgs 
with 2 molecules of water of crystaUizahon C,H O,. 

The anhydrous acid can be obtained by l^atmg the hydrate 
at 100” or by keeping it over cone. H^SO,. The hydrated 
acid melts at 1015° whilst the anhydrous acid melts at 
i 8 q «i° Oxalic acid is fairly soluble m water and alcohol 
but only slightly in ether, and it is insoluble in petroleum 
Sr, chloroform and benzene. When heated gradually, the 
water of crystallizadon is first given off; the apd then melts 
and a portion sublimes; on further heating it is decomposed 
Sto formic acid and CO,; the formic acid al^ decomposes 
partially into CO and H,0. When heated with cone. H SO. 
there is no charring but it is decomposed into CO and CO,. 


COOH 

I 

COOH 


CO + CO, + H,0. 


cuun 

When warmed with potassium permanganate in ° 

Ste sulphuric acid!^ oxalic acM is oxidized quantitatively 

into CO3 and H^O: 

.KMnO.+3H,SO.+ sC.H.O. = ioCO,+8H,0+ K,SO. + 2MnSO. 

Pure oxalic acid is, therefore, used ^r standardization of 
solutions of potassium permanganate. Oxalic acid is also 
used in making metal polishes and inks. As a dibasic acid it 
gives both nonnal and acid salts. The normal Na-, K- and 
NH -salts are soluble but most of the other hormal 
salts are sparingly soluble in water. Acid potassium oxalate 
KHC O is sparingly soluble in water; it is used as a mordant 
in dv^g- Calcium oxalate is insoluble in water and in acetac 
acid but soluble in dilute mineral acids; this serves to 
distinguish oxalic acid from many other acids. The double 
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salt, potassium quadroxalate or tetroxalate KHC2O4. H2C2O4. 
2H2O. also known as ‘'salts of lemon'’ or “salts of sorrel" is 
used in removing ink stains and iron moulds, the tannate of 
iron bcing\oluble in the oxalate solution. Potassium ferrous 
oxalate FeK2(C20 J0.H2O is used as a developer in photo- 
graphy owing to its strong reducing properties. 

Both oxalic acid and its acid salts are powerful corrosive 
poisons (see Toxicology, pp. 444-446). 

Other Saturated Dibasic Adds. 

yCOOH 

Malonic Acid, : Occurs in sugar beet as calcium 

\COOH 

salt; colourless crystalline solid, m.p. 132®; soluble in water, alcohol 
and ether; the ethyl ester is widely used in the synthesis of monobasic 
and dibasic acids and other organic compounds such as barbituric 
acid. 

CH,.COOH 

Succinic Acid, I : Occurs in unripe grape, goose- 

CH,.COOH 

berry, currant, apple, banana, rhubarb, etc., and in various plants ; 
obtained by the dry distillation of amber, a fossil resin ; formed dur- 
ing the alcoholic fermentation of sugars; colourless prisms, m-p. 
185°; easily soluble in water; the calcium salt is soluble in water. 

Glutaric Acid, HOOC.CHj.CHj.CH^.COOH : occurs in unripe 
sugar beet, in sheep's wool, etc.; colourless crv^stals, m.p. 97'5'* i 
soluble in water, alcohol and ether. 

Unsaturated Dibasic Acjds. 

Fumaric Acid, HOOC. CH : CH. COOH ; occurs iii the plant 
Funiaria officinalis; L., whence the name, in various fungi, etc. ; 
prepared by heating malic acid to 140-150°; m.p. 2867°; when 
heated to about 200°, fumaric acid sublimes and is converted into 
the anhydride of its stereoisomer maleic acid. 

Maleic Acid. HOOC. CH ; CH. COOH : this does not occur in 
nature; m.p. 130°; prepared by boiling maleic anhydride,, obtained 
from fumaric acid, with water. 

The kind of isomerism typified by these two acids is known as 
geometrical isomerism. The structure assigned to them show a 
difference in the distribution of the atoms or groups of atoms in 
space. In the eis form the COOH groups are close together and in 
12 
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the irans form they are further apart. The structural difference is 
shown below; 

H.C.COOH H.C.COOH 


H.C.COOH 

Cis 

(Maleic acid) 


II 

HOOC.CH 

Tmns 

(Fumaric acid) 


Otlier examples of geometrical isomerism have been mentioned 
already amongst uiisaturated monobasic acids, e.g., oleic acid and 
elaidic acid, etc. (see p. 153). 

Aldehydic Acids, e.g., Glyoxylic Acid, Glyoxalic Acid. 
CHO.COOH, prepared by reducing oxalic acid, with magnesium 
amalgam; it is a syrupy liquid, soluble in water; it gives reactions 
for both acid and aldehyde. 


Ketonic Adds. 


Pyruvic Acid, Keto Propionic Arid, CIIvCO.COOH: an inter- 
mediate product in the mctalx)lism of fatty acids and amino acids, as 
well as in the transformation of glucose into alcohol or lactic acid; 
may l)e synthesised in the following manner: 

CH3COCI CH,.COCN CH,.CO.COOH 

prepared by distilling tartaric acid with potassium bisulphate; liquid, 
b.p. t 68° : soluble in water ; smells like acetic acid ; sliows the pro- 
perties of both acids and ketones, 

Acetoacetic Acid, Diaceiic Acid, IS-Ketob'ittync Acid, 
CH^.CO.CHj.COOH : It is the product of the oxidation of /i-hydroxy- 
butyric acid and appears in the blood and urine of diabetic patients. 
It can be best prepared by carefully hydrolyzing ethyl acetoacetate 
with dilute KOH in the cold, acidifying with dilute sulphuric acid 
and extracting the free acid with ether. It is a thick liquid with a 
strong acid reaction miscible with water; decomposes easily by heat 
(even at ioo °5 into acetone and carbon ^iioxide. It gives a reddish 
violet colour with ferric chloride [Gerhardt’ s test). Rothera's Na- 
nitro-prusside test used for acetone has been shown to be more 
delicate for this acid. 

Ethyl Acetoacetate, CHj.CO.CH^.COOCoHj : obtained by the 
action of metallic sodium on dry ethyl acetate containing some dry 
alcohol, the reactions being: 

2C,H,.OH-f2Na = 2CJi,.ONa -f 

Na-ethoxide v 

CH^COOC^H, -f C,H,.ONa = CH3.C(ONa) : (OC,H,), 

Ethyl acetate 

CH,C(ONa) : (OC.HJ, -f CH,.COOCH, = 

CH,.C(ONa 5 : CH.COOQH, + 2C,H,OH 
Na-ethylacetoacetate 
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The sodium derivative is decomposed with dilute acetic acid, 
poured into a saturated solution of NaCl and the ester is separated ; 
it is purified by distillation. 

It is a colourless liquid with a pleasant smell ; b.p. 180° ; sp. 
1-0246 at 20° ; slightly solubl^ in water, more easily soluble in the 
usual organic solvents; used in the synthesis of antipyrine and various 
other organic compounds. It exists in the following tautomeric 
joryns, the ordinary ester being an equilibrium mixture containing 
about 7*5 per cent of the enol form: 

CH3.C(OIi) ; CPLCOOC,H, ^ CH3.eO.CH,.COOC,H, 

~^r~ 

Enol-form Keto-form 

Hydroxy Acids 

Lactic acid CH3.CH(OH).COOH is called a-hydroxy 
propionic acid because the OH group is attached to the carbon 
atom next to the COOH group, the formula for /i-hydroxy 
propionic acid would, therefore, be CH2(OH) .CH2.COOH, 
and the formula for y-hydroxy butyric acid would be 
CH 2 ( 0 H) .CH2.CH2.COOH, and so on. Potybasic hydroxy 
acids like tartaric acid and citric acid are also discussed under 
this head. 

Lactic Acid. ^-Hydroxy propionic Acid, 
CH,.CH( 0 ¥£),C 00 H 

Occurrence — Lactic acid occurs in three forms. The 
optically inactive form (racemic or dTlactic acid, also known 
as fermentation lactic acid) occurs in sour milk as the fer- 
mentation product of milk sugar or lactose, whence the name 
lactic; also occurs in the gastric juice in certain t}^es of 
dyspepsia and in malignant disease (cancer) of the stomach 
but occurs normally in the gastric juice of cattle. 

The optically active isomer (d-lactic acid) known as 
para- _ or sarcolactic acid [Gk, sarcos — flesh) occurs in 
muscles and is increased by muscular activity. 

The other optically active isomer ( 1 -lactic acid) does not 
occur in nature. 

Synthesis and Preparation of Lactic Acids. 

(i) By the action of moist silver oxide on chloro- 
propionic acid: 

CH3CHCI.COOH + AgOH = CH 3 .CH( 0 H).C 00 H + AgCl. 
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(2) From acetaldehyde, by the following reactions: 

CH 3 CHO -f HCN = CH,.CH(OH).CN 

Aldehyde cyanhydrin or Lacto-nitrile 

CH3CH(0H),CN 4- 2H,0 =x CH,.CH(0H,).C00H 4- mi, 

(3) On a large scale, the dl-lactic acid is prepared by 
the lactic acid fermentation of sugars, such as cane sugar,* 
glucose, etc., with the help of special strains of lactic acid 
bacillus. Molasses may also be used for this purpose. 

(4) This biological method can be used in the laboratory 
in the following manner: Cane sugar (25g) is dissolved in 
water (250 c.c.) and sour milk (20 c.c.), which contains the^ 
lactic acid bacillus, is added. The solution is kept between 
45°"55° prevent alcoholic and butyric fermentations, and 
powdered chalk (lOg) is stirred in from time to time to 
neutralize the acid formed, since even i per cent of the free 
acid inhibits the action of the bacillus. When all the sugar 
disappears (8 to 10 days) the solution is boiled to kill the 
bacteria, filtered and concentrated on the water bath. Tee 
calcium lactate which crystallizes out is separated and 
recrystallized from hot water. It is dried, the free acid 
liberated by adding the calculated amount of dilute sulphuric 
acid, the calcium sulphate filtered off and the lactic acid 
obtained either by extraction with ether or by distillation 
under reduced pressure. Instead of CaCO^, zinc carbonate 
may also be used and in that case the zinc is removed by 
H^S. 

(5) The d-lactic or sarcolactic acid is usually prepared 
from commercial meat extract (Liebig's meat extract) ; it 
may also be obtained by the action of Penicillium glaucum 
on didactic acid in which it grows at the expense of its 
laevo-component. 

(6) The 1-lactic acid is obtained by the action of 
Bacillus acidi lacvo-lactici on a solution of cane sugar and 
also by the^ resolution of the dl-lactic acid with the base 
strychnine, first salt to ctystallize out on factional 
crystalli^tioii:/|)eing the strychnine-l-lactate. 

Properties and Reactions of Lactic Acid. 

Lactic acid is a colourless liquid with a sour taste and 
smell. dl-Lactic acid melts at 18° and d-or 1-lactic acid melts 
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at 26°. Lactic acid may be distilled without decomposition 
in high vacuum; b.p. 82“-85‘’ (0.5 to i mm.), 119“ 
(12 mm.). It has a sp. gr. of 1-248 at 15°. It is hygros- 
copic and easily soluble in water and alcohol, less so in ether. 
It is slightly volatile with steam but volatilizes more easily 
with superheated steam; partially decomposed on heating into 
acetaldehyde and carbon monoxide; 

CH,.CH(OH).COOH ^ CH3.CHO 4- H,0 + CO 

With strong sulphuric acid this reaction takes place more readily. 

The specific rotation of d-lactic acid, = +3’82* (cone. 

= 10-458 in water) but the rotation changes with the concentration. 
Calcuini lactate Ca(CjH503)2. 4iH20 crystallizes from water; soluble 

in 12-4 parts of cold water, easily soluble in boiling water or alcohol ; 
the salt prepared from the dextro acid is laevorotatory [ a] □ 
*= — 3*87° (0 = 7-23 in water). Zinc lactate Zn (CsHsOj)^. 2H2O 
cr)^stallizes from water; one part dissolves in 17-5 parts of water at 
15°; the salt prepared from the dextro acid is laevorotatory 
- — 6'Oo” (c = 5-o in water) ; — 8-0'’ (0 = 2-5 m watei^ for the 
anhydrous salt; the salt prepared from the laevo acid is dextrorotatory. 
These properties of the Ca-and Zn-salts are utilized in separating 
and identifying lactic acid formed during biochemical changes. 

Uses. — Lactic acid is used for removing lime from hides 
in the tanning industry. Some of its salts are used in dyeing 
and in calicoprinting. Calcium lactate is used in medicine 
in calcium deficiency. Ethyl lactate is used as a solvent in 
the lacquer industry. 

Tests for Lactic Acid. 

(t) Hopkins Thiophene Test- 5 c.c. of cone. H.SO^, three drops 
of a saturated solution of copper sulphate and a few drops of the 
lactic acid solution are shaken together, heated over a boiling water 
bath for 5 minutes, cooled, and 2-3 drops of a half per cent solution of 
thiophene in alcohol are added ; on warming^ a cnerry red colour is 
developed. 

(2) If a very dilute solution (almost colourless} of ferric 
chloride is added to a solution of lactic acid as also to other hydroxy 
acids it is coloured yellow owing to the formation of a deep yellow 
ferric salt. 

(3) A two per cent solution of phenol is treated with a dilute 
solution of ferric chloride until there is a distinct violet colour; on 
adding a dilute solution of lactic acid, the colour becomes yellow 
(Uffelmann’s test). 

(4) Lactic acid gives the iodojonn reaction. 



i 82 


ORGANIC AND TOXICOLOGICAL CHEMISTRY 


(5) Micro Tests. A few milligrams of the acid are distilled 
with a mixture of one volume of cone. H^SO^ and two volumes of 
water, and half the distillate is tested for acetaldehyde by the phenyl- 
bydrazine method and the other half for formic acid by cerium 
nitrate : 

CH,.CH(OH).COOH ^ CH.CHO -f H.COOH. 

The crystalline structure of cobalt lactate, obtained by adding 
cobalt nitrate to an alkali salt, as tufts of reddish needles or of zinc 
lactate (colourless little rods, platelets, stars or x-forms) are 
characteristic. 

jS-Hydroxy Butyric Acid, CHi.CH(OH).CIL.COOH : The 

Isevo acid occurs in the blood of diabetic patients and is stated to be 
excreted in the urine in fair amounts in severe cases of diabetes; 
colourless, hygroscopic, cry’stalline substance, easily soluble in water, 
ether and alcohol, insoluble in benzene; m.p, .^9-50*; = —24*9* 

(cone. =:8-33 watet). 

Acetone Bodies. 

The acetone bodies or ketone bodies which arc excreted 
in urine of diabetic patients consist of acetone, aceto acetic 
acid and ^-hydroxybutyric acid. They indicate incomplete 
combustion of fats and accumulation of acids in the system 
giving rise to what is called acidosis or ketosis. Normally 
/5-hydroxy butyric acid, which is formed by the oxidation 
of higher fatty acids, is oxidized to aceto acetic acid: 

CH,CH(OH).CH,COOH + O = CIT.CO.CIL.COOH + n,0. 

The latter again undergoes ketonic hydrolysis and is 
decomposed into acetone and CO^: 

CH.CO.CH.COOH CH3.CO.CH, -P CO,. 

The acetone is finally oxidized to CO 2 and H 2 O. But in 
abnormal conditions, they are not completely burnt up and 
appear in the urine. 

Stereoisomerism and Optical Activity 

We have seen that two kinds of lactic acid occur in 
nature, the fermentation or racemic or dl-lactic acid and sarco- 
lactic acid or d-lactic acid. It has also been mentioned that 
dl-lactic acid can be resolved into d-lactic acid and 1-lactic 
acid by crystallizing the strychnine salt. The dextro-lactic 
acid and the laevo-lactic acid have exactly the same molecular 
weight, the same structural formula and the same chemical 
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properties. They agree in most of their physical properties 
but differ in one most important physical property, nainelv, 
in their optical activity ^ This sort of isomerism is designated 
as optical isomerism. They differ not only in optical activity 
but, for compounds which possess physiological action, show 
a difference in their physiological action as well (see below). 



The difference in optical activity has been explained 
independently and almost simultaneously by VanT Hoff and 
Le Bel by the difference in arr^gement of 
the atoms or radicals in space. The carbon 
atom is assumed to occupy the centre of a 
regular ietrahedron, a solid bounded by 
four equilateral triangles (Fig. 28), and 
the four valencies are directed towards the 
four corners of the tetrahedron. Or, in 
other words, the four atoms or groups of atoms attached 
to a carbon atom are distributed symmetrically in space 
and do not occupy the same plane. If the four valencies 
are satisfied with tour different atoms or radicals (groups 
of atoms), i.e., if the carbon atom is asymmetric as we 
see in lactic acid, we may expect two arrangements which 
cannot be superimposed one upon the other (Fig. 29), per- 
haps best illustrated by the right hand and the left hand or by 
an object and its mirror image. The one corresponds to the 
dextro-jorm (d-) and the other to the Icevo-iorm ( 1 -). A 
mixture of the two in equal quantities would be the uiactive- 
(dl-) or racemic torm. 



Fig. 29. 


As has been mentioned above this sort of isomerism is 
known as optical isomerism. It is a special case of stereo- 
isomerism (Gk. stereos — solid), and may be expected in every 
compound containing one or more asymmetric carbon atoms. 



184 


ORGANIC AND TOXICOLOGICAL CHEMISTRY 


N.B> Optical isomerism is also known amongst com- 
pounds containing other polyvalent asymmetric atoms such 
as N, S, etc. 

The number of optical isomers goes on increasing with 
the number of asymmetric C atoms. For instance, one 
asymmetric C atom gives 2' or 2 isomers, 2 asymmetric C 
atoms give 2“ or 4 isomers, 3 asymmetric C atoms give 2^ or 
8 isomers fe.g., pentoses), 4 asymmetric C atoms give 2* or 
16 isomers (e.g., hexoses), and so on. 


Resolution of an Optically Inactive Compound into its Active 
Component*.— 

(i) By the fractional crystallisation of the salt prepared from 
the dl-acid or base with an optically active base or acid. For example, 
dl-tartaric acid forms salts with the optically active lja*se quinine 
(lsevo-rotator\’) and when fractionally crystallized, quinine-d-tartrate 
cr}^stallizes out first since it is less soluble than quinine-l-tartrate. 
The d-acid- or 1 -acid can then be easily liberated from the salts. (2) 
By mechanically sorting ont the two types of crystals in a salt. Thus, 
the sodium-ammonium salt obtained from dl-tartaric acid is found fo 
consist of two types of crystals, the one corresponding to the dextro- 
acid and the .other to the laevo acid, and they can he sorted out if the 
cry'stals are sufficiently large or with the help of a hand-lens, (3) By 
the destruction of one of the isomers, with certain micro-organisms. 
Thus, if the ammonium salt of dl-tartaric acid is acted upon by 
Penxcillium glaucum, it is found that the salt of the dextro acid is 
destroyed leaving the lacvo salt intact. In the case of dl-lactic acid^ 
the la;vo salt is destroyed leaving the d-salt intact. 

Difference in Physiologice! Action between Dextro and Laevo 
Compounds. — 

d- Asparagine is sweet to taste while 1-asparagine is insipid; 
1-nicotine is much more toxic than d-nicotine; 1-hyoscyamine has a 
more powerful mydriatic action than cl-hyoscyamine; l-adrenaline 
has a much stronger pressor action than d-adrenaline; and so on. 

POLARIMETER 

The optical activity of a substance is measured by an instrument 
called the polarimeter. The essential component of the instrument is 
the Nxcol prism which has the property of polarizing light and is made 
from a naturally occurring transparent crystal of calcium carbonate 
(Calc Spar or Iceland Spar) cut out in a particular manner. 
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Fig. 30. 


As is well known, waves of light wibrate transversely to the 
direction of the ray of light and the plane of vibration of ordinary 
light takes all possible positions about the line 
^ of propagation. Now the Nicol prism has the 
property of fixing the plane of vibration of 
light; once the light passes through the prism 
the plane of vibration is fixed to one definite 
plane and tlie light is said to be plane polarized or simply polarized. 
The Nicol prism next to the source of light is therefore known as the 
polariser. 

In a jx)larimeter, the rays of light from the source L, made 
parallel by lenses (Fig. 31), first pass through the Nicol prism P known 

as the polarizer 

A » _ Q 

^ :Doq 1^ 


iD^O 


and then through 
a quartz plate Q 
(or a smaller 
Nicol prism) 
ch covers half 

the field of vision. The rays next pass through the tube T containing 
the solution to be tested, then through the second ^Nicol prism A 
known as the analyzer and finally through a combination of lenses 
which focus the eye on to the quartz plate (or the smaller Nicol'J. 
The polarizer is fixed while the analyzer can be rotated by means of 
a handle, and the angle through which it is turned can be read very 
accurately on a graduated scale engraved on a circular metal disc 
with the help of a vernier. 


The polarized rays that emerge from tlie polarizing Nicol fall 
on the face of the analyzer and will only pass through unimpaired 
provided they can contrive to vibrate in the 
same plane. In this position the Nicols are 
said to be parallel. The case is similar to that 
of a tliin knife blade passing through two thin 
slits (Fig. 32). If the analyzer be rotated 
frc^ the above position through an angle of 90°, the rays are com- 
pletely absorbed, the field will appear dark and the Nicols are said 
to be crossed. On rotation through a further angle of 90° the Nicols 
will be again parallel. 

If the two Nicol prisms are so arranged that light may pass 
through, i.e., if the Nicols arc parallel, and if a solution of an optical- 
ly active substance is interposed between them, the light does not 
pass any more as before. The solution has turned the plane of pola- 
rization, and the analyzer must now be turned either towards the 
right or towards the left to allow the same amount of light to pass 
through. If the solution has turned the plane towards the right (i.e. 
if the analyzer has to be rotated to the right) the substance is said 
to be dextro-rotatory and if to the left, Xcevorotatory . 

If there is nothing to inter\^ene between the polarizer and the 
analyzer, as we rotate the analyzer through 180° in either direction, 
the light decreases from a maximum to a minimum and then increases 
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to a maximum again. It will thus be very difficult to judge the posi- 
tion when the field is almost dark and still more so for the maximum 
light. To avoid this difficulty, a thin quartz plate {as in the Laurent 
type of instrument) or a small Nicol prism (as in the Lippich f;ype of 
instrument), covering half the field of vision, is interp>osed between 
the polarizer and the solution. Now quartz (or Nicol prism) is an 
optically active solid which rotates the plane of polarization of 
polarized light. If the analyzer is crossed with regard to the polari- 
zer, the whole field should apix^ar dark but w’hen the quartz plate (or 
Nicol prism) is interposed, half the field covered by this becomes illu- 
minated. If the analyzer is turned so tliat this half of the field appear 
dark then the other half becomes bright. A position intermediate 
between these two p(3ints can be found out by trial at which both 
the halves of the field appear equally illuminated. This p(3sition of 
equal but feeble illumination is taken as the zero-readni ^ of the 
instrument. The difference between the second position of feeble but 
equal illumination (when the optically active substance is interposed) 
and the zero reading gives the observed angle of rotation (Lig- 33)- 



Fig. 33. 

N B. The small Nicol prism used in the Lippich instrument has 
this advantage over the quartz plate in the Laurent type that the 
former can be used .with monochromatic light of any wave length 
whereas the quartz plate can be used only for monochromatic sodium 
light. 

The source of light is generally a gas burner over wdiich a loop 
of platinum is placed and this is fed with fused NaCd in order to 

get the yellow D line of Na (wave length 5890 A). In modern instru- 
ments, an electric bulb containing metallic sodium is supplied, and 
in costly in.struments one may also find an ordinary electric bflb 
with a spectroscopic arrangement for use with any wave length of 
light. 

The solution or the pure liquid is taken in a narrow glass tube 
closed with a glass disc on either side and it is so arranged that the 
length of the solution exactly measures either one decimetre or a 
fraction or a multiple of The same. 

The observed angle of rotation : through which the plane of 
polarization is turned depends upon several factors, viz., (a) the 
nature of the substance dissolved, (b) the nature of the solvent, 
(c) the length of the column of the solution, {d) the concentration 
of the solution, (e) the temperature of the solution, (/) the wave 
length of the source of light used, etc. But although the observed 
angle of rotation varies with these factors, the specific rotation of 
a substance has a definite value under certain standard conditions 
and it has, therefore, prove4 to be very useful. 
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The specific rotation of a substance is defined as the rotation of 
polarized light produced by a solution containing one gram of the 
substance in one cubic^ centimetre of the solution in a layer one de- 
cimetre in length. In the case of an optically active liquid, the 
specific rotation of the pure liquid is defined as the rotation 
produced by a column of the liquid one decimetre long divided by 
the density of the liquid. 

The specific rotation is represented by the symbol [ < 3 ^ J p hi 
which a represents the observed angle of rotation, D represents the 
D line of sodium light and t the temperature, and this is related to 
the observed angle of rotation by the equation : 


where a is the observed angle of rotation, c is the concentration of 
the solution, i.e,, grams of substance contained in 100 c.c. of the 
solution, and 1 is the length of the. column of the solution in 
decimetres. 

Applications of the Polarimeter. The instrument helps us (i) to 
find out whether a substance is optically active or not, i.e.> if it 
contains an asymmetric carbon atom, (2) to identify a substance by 
its specific rotation, (3) to detect the amount of adulteration of an 
optically active substance, (4) to study biochemical reactions, such 
as enzyme action, etc. 

Malic Acid, Monohydroxy Succinic Acid, 

*CH (OH).COOH 

I 

CH,.COOH 

Occurrence. It occurs in nature in many unripe fruits 
such as apples (L. malum — apple, whence the name), grapes, 
currants, cherries, etc., either in the free state or as the 
potassium or calcium salt. 

Synthesis. 


(i) By treating bromosuccinic acid with moist silver 
oxide: 


CH,. COOH CH.Br.COOH 

CH^.COOH Br CH,.COOH Ag(OH) 
Succinic acid Bromosuccinic acid 


CH(OH).COOH 

I 

CH,.COOH 
Malic acid 


(2) By the action of nitrous acid on aspartic acid: 

CH(NHd.COOH CH(OH).COOH 

CHj.COOH HNO, CH,.COOH 

Aspartic acid 
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(3) Preparation. The juice obtained by pressure or the 
extract obtained by boiling the unripe apples with water, is 
treated with milk of lime. The neutral calcium salt of malic 
acid which is precipitated is separated by filtration and 
washed with cold water. It is dissolved in a small amount 
of hot dilute (i in 10) nitric acid and filtered Hot. On 
cooling, ciy’stals of acid calcium malate Ca(C4H,pj ..6H,0 
separate out. This is further purified by recrystallization 
from water. The pure acid calcium malate is* decomposed by 
the calculated amount of dilute sulphuric acid and filtered. 
On concentration crystals of malic acid separate out. 

Properties and Reactions. Malic acid forms colourless 
hygroscopic crystals soluble in water and alcohol. From the 
above formula it is clear that it contains an asymmetric 
carbon atom (marked with an asterisk) and so it may occur 
in two optically active forms. The acid that occurs in nature 
is the tevo variety (1-), whereas the synthetic acid is inactive 
(dl-). Laevo malic acid melts at 100° whereas the dl-or 
racemic acid melts at 130®. 

On heating, malic acid loses water and is converted 
into a mixture of maleic and fumaric acids (see p. 177) : 

Tartaric Add, Dihydroxy Succinic Acid, CH(OH).COOH 


CH(OH).COOH 

Occurrence. Tartaric acid occurs in many fruits such 
as tamarinds, grapes, tomatoes, pineapples, etc., partly a? 
the free acid and partly as K or Ca salt. Grapes and tamarinds 
are particularly rich in this acid and the former constitutes 
an important natural source for its preparation on a large 
scale. 

Synthesis. 

(i) By the action of moist silver oxide on dibromo. 
succinic acid which can be synthesized from the elements: 

^ CH,Br ^ CH,CN CH,.COOH 

CH, Br CH,Br KCN CH^CN Hydrolysis CH^.COOH Br 

Ethylene Ethylene ' Succinic acid 

bromide 


CHBr.COOH 


CH (OH) COOH 
I 

CH (OH) COOH 


CHBr.COOH 


Ag(OH) 
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(2) By the action of hydrocyanic acid on glyoxal and 
subsequent hydrolysis of the cyanogen derivative or the 
nitrile of tartaric acid; 

CilO CH (OH) CN CH (OH,) COOH 

CHO CH (OH) CN Hydrolysis CH (OH) COOH 

( 3 ) Preparation of Tartaric Acid from Grape Juice, 
During the fermentation of grape juice, the crude acid 
potassium tartrate (which is only slightly soluble in water 
and much less soluble in the dilute alcohol produced by the 
fennentatiop) separates out in small reddish-brown crystals. 
This is known as argol. The pure acid potassium tartrate 
HOOC.CH (OH).CH (OH). COOK obtained from argol by 
recrystallization from hot water is known as cream of tartar. 
To prepare tartaric acid, the argol is dissolved in hot water 
and neutralized with chalk. The precipitated calcium tartrate 
is filtered off and the filtrate containing neutral potassium 
tartrate is treated with calcium chloride. The total calcium 
tartrate thus obtained is separated, decomposed with the 
calculated quantity of dilute sulphuric acid, filtered from cal- 
cium sulphate, the filtrate decolorized by animal charcoal, 
and crystals of tartaric acid obtained by concentration. 

CH (OH) COOK 
2 I +CaC03^ 

CH (OH) .COOH 

CH (OH) .COOK CH (OH) .COO . 

I -f I xCa-fCO.-fH^O 

CH (OH) .COOK CH (OH) .COO / 

CH (OH) .COOK CH (OH) COO \ 

I +CaC],= "I ^ ;Ca4-2KCl 

CH (OH) .COOK CH (OH) COO / 

The acid obtained from grape juice and other fruit juices is 
the dextrotartaric acid. 

Properties 

Dextro-tartaric acid crystallizes in large coloWK^ 

transparent prisms. When heated rapidly it melts at about 

170°. It dissolves easily in water and alcohol but is insoluble 
in ether. Dextro-tartaric acid shows the specific rotation: 
[ ] 2 o — 4-I4T00 — o.I 3 i 6 °c, where c, the concentration, 

ranges from 2.5 per cent to 25 per*.cent; the rotation 
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changes both with the temperature and the concentration of 
the solution. When heated with water in a sealed tube to 
175°, d-tartaric acid is partially converted into racemic acid, 
and when heated to 165° in tlie same way it is partially 
converted into mesotariaric acid (see later). When dry 
tartaric acid is heated in a test tut^ it chars and emits an 
odour of burnt sugar. Tartaric acid is a strong reducing 
agent and reduces ammoniacal silver nitrate and Fehling's 
solutions. 

Uses. The free acid or cream of tartar is used as a 
ingredient of effervescent pow'ders such as Siedlilz poicdci 
(a purgative), baking pow^der, etc. Sodium potassium 
tartrate, NaOOC. (OH)CH.CH (OH) .CO0K.4H,0, known 
as Rochelle salt or Seignctte salt from the name of the dis- 
coverer Seignette de la Rochelle, is prepared by neutralizing 
cream of tartar with sodium carbonate, Rochelle salt is used 
in preparing Fchling's soluticyn (see p. 203), since it has 
the property of preventing the precipitation of cupric 
hydroxide from an alkaline medium probably due to the for- 

xNaOOC.CILOv 

mation of the complex copper derivative I ^ Cu. 

Rochelle salt is also used in silvering glass for mirrors. 
Potassium antimonyl tartrate o;; tartar emetic 
KOOC.(OH) CH.CH (OH). COO (SbO). J^H^O is pre- 
pared by boiling a solution of acid potassium tartrate with 
antimonious oxide. It is a colourless crystalline substance 
soluble in water and used in medicine as an emetic and also 
as a mordant in dyeing and calico printing. Both tartar 
emetic and the corresponding sodium salt are used in the 
treatment of Kala-azar and bilharziasis. 

Tests. 

(f) On adding silver nitrate to a neutralized solution of tartaric 
acid, there is a white precipitate of silver tartrate which redissolves 
la ammonia and produces on warming in a water bath a bright 
silver mirror on the sides of the test tube. 

(2^ On adding calcium chloride to a concentrated neutral solu- 
rion of a tartrate a white precipitate of calcium tartrate is produced 
in the cold; the precipitate is soluble in acetic acid. 

(3) Fenton's Test \ To 2 c.c, of a neutral solution of a tartrate 
add a drop of a freshly prepared dilute solution of ferrous sulphate ; 
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add 2 drops of a dilute solution of hydrogen peroxide and then some 
dilute NaOH; there is an intense violet colour due to the formation 
of the ferric salt of dihydroxymaleic acid. 

(^) Denige’s Test: Add 2 drops of a solution of a tartrate to 
2 cx, of cone. H^SO^ containing 2 drops of a 2 per cent solution 
of resorcinol and warm; a violet colour develops. 


Stereoismerism of Tartaric Acid. 

The formula of tartaric acid shows that there are two 
similar asymmetric carbon atoms in the molecule. It exists 
in two optically active forms, the dextro and IcBva acids, one 
being the mirror image of the other. 

A mixture of d- and 1-acids in equal quantities would 
be the inactive (racemic or dl-) acid. There is also another 
possibility. Since the atoms or groups of atoms attached 
to the two asymmetric carbon atoms are similar, the arrange- 
ment round one carbon atom may represent the dextro form 
and that round the other carbon atom the Imvo form, one 
being the mirror-image of the other. The total effect wisl 
be an inactive acid which cannot be resolved into dextro and 
laevo-forms. This inactive acid is in fact found to occur 
and is called m^so4artaric acid. It is said to be inactive by 
internal compensation as distinct from the racemic tartaric 
acid which is inactive by external compensation and which 
can be resolved into the dextro and Isevo forms. The four 
tartaric acids may thus be represented graphically as follows. 


I. 


H 

I 

HO— €— COOH 


IL H 

I 

HOOC— C— OH 


HOOC— C— OH 


HO— C—COOH 


H 

(OH, H & COOH arranged 
clockwise; both halves 
clockwise) 
d-Tartaric Acid 


H 

(OH, H & COOH arranged anti- 
clockwise; both halves anti- 
clockwise) 
l-Tartaric Acid 


III. The mixture of I and II in equimolecular 
quantities is the racemic or dl- tartaric acid. 
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IV. H 



HO— C-COOH 
I 

H 

Mesotartaric acid 

{OH, H & COOH in upper half clock- 
wise and in lower half anti-clockwise) 

Citric Acid, CH^.COOH 

1 

C (OH). COOH 

i 

CHXOOH 

Occurrence^ Citric acid occurs in the free state in fair 
amounts in fruits of the genus Citrus, e.g-, lemon, lime, 
orange, pamelo, etc. In lemon juice it may occur up to about 
8 per cent and hence this serves as an important source for 
its preparation. It is also known to occur along with other 
organic acids in tomato, currant, tepari, gooseberry, etc. 


Synthesis 

CH,OH 

CH,C1 

CH,C1 

CHXl 

j 

CH.OH 

CHOH - 

1 

— CO 

j 

C(OH)CN 

1 HCl 

i 

0 1 HCN 

1 

CH.OH 

CH,C1 

CH,C1 

CHXl 

Glycerol 

,y- dichloro 

a, 7 -dichloro ag/- 

dichloro acetone 


glycerol 

acetone 

cyanhydrin 

CH,C1 

1 


CH,CN 

CHXOOH 

C (OH) COOH 

j 

C(OH) COOH ^ 

j 

C(OH)XOOH 

H,0 1 

KCN 

1 H„0 ■ 

1 

CH,CI 


CHXN 

CHXOOH 

Dichloro hydroxy 

Dicyano hydroxy 

Citric acid 

isobutyric 

acid 

isobutyric acid 



Preparation of Citric Acid, 

(i) From Lemons. — The lemon juice obtained from the 
unri^ fruits is first boiled in order to coagulate the protein? 
The liquid is concentrated, filtered, treated with milk of lime 
and boiled. The calcium citrate, which is less soluble in 
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boiling water than in cold water/ is precipitated. It is filtered 
hot and washed with boiling water. The calcium salt is 
then decomposed with the calculated quantity of dilute 
sulphuric acid, filtered from calcium sulphate, decolorized 
with animal charcoal and concentrated, when crystals of 
citric acid separate out. 

(2) Biological Method. About 10 per cent solution of 
glucose is fermented in acid medium by moulds such as 
Aspergillus niger ^ and the citric acid produced is separated 
as before by the calcium salt. 

Properties. Citric acid ciystallizes from water with one 
molecule of water of crystallization, CgHg07.H2O, in large 
colourless prisms. It dissolves easily in water and alcohol 
but is almost insoluble in ether and chloroform It has an 
agreeable acid taste. The hydrated acid melts at about 100° 
when rapidly heated; on heating slow^ly, it becomes anhydrous , 
at about 130° and the anhydrous acid melts smoothly at 
^53"" ■ When heated more strongly, it chars but does not , 
emit the smell of burnt sugar like tartaric acid. The calcium 
salt is less soluble in hot water than in cold and it is, there- 
fore, thrown down on boiling; this distinguishes citric acid 
from many other vegetable acids. As there is no asymmetric 
carbon atom, the acid is optically inactive. It is a tribasic 
acid and, therefore, forms three kinds of salts. 

Use^. Citric acid is used in confectionery and in ^ 
synthetic fruit drinks. It is used as a mordant in dyeing 
and in calico printing. Ferric ammonium citrate as well as 
the sodium and potassium salts are used in medicine, and 
magnesium citrate is used as a laxative. 

Tests. ) 

(i^ A neutral solution of critic acid produces a curdy white 
precipitate of silver citrate which is soluble in ammonia; on warm- 
ing this solution in the water bath' there is no reduction of the silver 
salt (distinction from tartrates) ; on prolonged boiling, however, 
some reduction takes place. 

‘ (2) Denxge’s Test: To i c-c. of a solution of mercuric sulphate 

(D^mge's reagent), add 5 c.c. of a solution of critic acid (5 per ; 
cent) and 2 drops of a i per cent solution of KMnO^' the per- 
manganate is decolorized and fhere is a white precipitate of a ‘ 
doMblev salt of - basic mercuric sulphate and mercuric acetone dl- ' 
carboxylate. 

13 



CHAPTER XVI 

CARBOHYDRATES 

Importance and Occurrence. 

The carbohydrates form one of the three important 
groups (fats, carbohydrates and proteins) of compounds 
required for our food. They contain only C, H and O, and 
the name carbohydrate came from the fact that besides carboa 
they were found to contain H and O in the proportion met 
with in water, i^e.^ 2:1 as seen, for example, in the case of 
glucose C^(H20)g, Sucrose Cij(H20)n, etc. Later dis- 
covery of compounds such as rhamnose etc., have 

shown that the above relationship is not necessarily true in 
every case although it holds good in the majority of 
compounds. The group is a large one and is of great 
economic importance, since they are used not only as food 
but also for the manufacture of paper, explosive, textile, 
alcohol, etc. 

The carbohydrates are found to occur widely distributed 
in plants where they are built up from the CO^ of the air 
and HoO under the influence of sunlight and chlorophyll; 
from the simple member (glucose) thus formed the more 
complex ones are elaborated. Some of the complex members 
like starch serve as reserve food materials of plants while 
others like cellulose form the basis of the cell w^alls or part 
of the* plant structure itself. Carbohydrates also occur in 
the animal kingdom but to a less extent, e.g., lactose in milk, 
glucose in blood and other tissues, glycogen in liver, muscles, 
etc. 

General Tests for Carbohydrates. 

I. Molisch's Reaction. — Abouf 5 c.c. of the solution are taken 
in a test tube and 2 or 3 drops of alpha-naphthol solution (3 per cent 
in alcohol) are added and mixed carefully. About 3 c.c. of conc.^ 
HjSO^ are allowed to flow down the side of the inclined test tube 
to form a layer beneath the mixture. A violet or reddish violet gone 
is formed at the junction due to the formation of a colourioff matter 
by the interaction of cr-naphthol ' wfth ‘"-hydroxymeth^d furfural 
produced from the carbohydrate. This test is given by all 
carbohydrates. 



CARBOHYDRATES 


195 

2. Thymol This is a* modification of MOlisch's tes:. 

To about 0'5 cx. of the solution or a small quantity of the solid, 
are added 3 drops of 3 per cent alcoholic solution of Thymol, 

5 c.c. of cone. HCl and about 2g. of solid NaCl (helps to boil quiet- 
ly). Boiled over a small flame for 1-3 minutes — a carmine colour 
develops. All carbohydrates including cellulose give this reaction. 

Egg albumin and other proteins also respond to this test on 
account of the presence of a sugar residue in tne protein molecule. 

Classification. The carbohydrates may be classified 
under the following heads: 

I. Monosaccharides or Simple Sugars, 

1. Biose e.g., Glycollic aldehyde. 

2. Trioses e.g,, Glyceric aldehyde. Dihydroxy 

acetone. 

3. Tetroses e.g,, Erythrose. 

4. Pentoses e.g,, Arabinose, Xylose. 

Methyl pentoses, CgHiaOs, e.g,, Rhamnose. 

5. Hexoses e.g., Glucose, Galactose, Mannose, 

Fructose, etc. 

6. Heptoses, Octoses, etc. 

II. Oligosaccharides or Compound Sugars. 

1. Disaccharides e.g.. Sucrose, Lactose, 

Maltose. 

2 . Trisaccharides, Tetrasaccharides, etc. 

III. Polysaccharides. 

1. Pentosans (QHgOJn. e.g., Araban, Xylan, etc. 

2. Hexosans (C*, e.g.^ Starch, Dextrin, 

Glycogen, Cellulose, Inulin, Mannan, etc. 

IV. Coniplex Polysaccharides. 

e,g.^ Hemicelluloses, Gums, Mucilages, Pectins, etc. 

Class I, Monosaccharides or Simple Sugars. 

The monfisaccharides are so called because they cannot 
be split up by hydrolysis into simpler compounds. If the 
molecule contains two carbon atoms it is called a biose, if 
3 carbon atoms a triose, if four a tetrose, and so on. But 
Karrer suggests that the number of oxygen atoms and not 
the carbon atoms ^ould be the determining factor in 
such classifications. Rhamnose for instance, would 

not be called a hexose although it contains 6 carbon atoms, 
but a methyl pentose since it contains only 5 oxgyen atoms. 
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The lower members (up to the tetroses) do not occur in 
nature but they have been prepared synthetically. Some of 
the pentoses and many of the hexoses occur in nature where- 
as the heptoses, octoses and nonoses are only synthetic pro- 
ducts. The monosaccharides, with the exception of the 
biose, glycollic aldehyde, can be regarded as polyhydroxy- 
aldehydes or polyhydroxyketones having 3 to 9 carbon 
atoms in the molecule. If the monosaccharide contains an 
aldehyde group, it is known as an aldose, and if a ketone 
group a ketose. They are sweet crystalline substances, 
soluble in water. As polyhydroxy compounds they form 
esters with acids such as phosphoric acid, acetic acid, nitric 
acid, etc., and form metallic derivatives similar to alcoholates 
(see glucose). As ‘aldoses or keto^s, they show the 
characteristic reactions of aldehydes or ketones, such as the 
reduction of ammoniacal silver nitrate, Fehling’s solution, 
etc., the formation of phenylhydrazones, osazones, cyan- 
hydrins, oximes, etc. (see glucose). 

I. Biose 

(HO 

\ 

e.g-. Glycollic aldehyde or Glycolose, CH.OH: prepared synthetically; 
a colourless crystalline substance, m.p. 95-97 , with a sweet rasLe, 


easily soluble in water and hot alcohol 
reduces Febling’s solution. 

but with difficulty in ether, 

II. Trioses, C^H.O,. CHO 

1 

CH.OH 

1 

CHOH or 

1 

CO 

1 

CH.OH 

1 

CH.OH 

e.g.. Glyceric aldehyde ; 


CHO The dlcompound has been prepared synthetically ; a 

1 crystalline substance, m.p. 138^, with » a sweet taste' 

CH OH ^easily soluble in water but less so in organic solvents; 

1 reduces Fehling's solution. 

CH.OH 

* f 

III. Telro*<», C.H,0., M:H0 

CH,OH 


CH.OH CO 


CH.OH 

I 

CH.OH 


or 


CH.OH 

I 

CH,OH 
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^8*^ Erythrose, 

CHO This has been prepared synthetically as a colourless 

I sweet syrup, easily soluble in water. It reduces Fehling's 

CII OH solution. It contains 2 asymmetric carbon atoms and 

I both the dextro- and laevo forms have been synthesized; 

CH.OH d-eryihrose 75 Iwvorotatory and l-erythrose is dextro- 

1 rotatory (see below), the value for the latter being 

CHpH [al 2 n“ +21-3" (water). 

The alcohol corresponding to erydhrose, known as erythritol or 
crythriie, CH,OH(CMOH,),. CH.OH is found to occur in nature in 
some algae (e.g. Protococcas vulgaris, TrentepohUa jolithus, etc.|). 

N.B. The prefix d-or I- added to an organic compound should 
strictly speaking be applied to dextro- and laevo-compounds respec- 
ti\’(‘ly. Iv the case of sugars, however, an old convention introduced 
by Emil Fischer has upset this rule and d- or 1 - applied to these show 
unl\' t^ieir genetic relationshij) to an arbitrarily fixed formula for 
de.vtro-gly f erase fr<un which all the mtmosaccharides can be syn- 
thesized, and not the nature of their optical activity. .Thu.s dextro- 
gU’cerose or d-glvcerose has been assigned the formula CHO in 

I 

H— 

I 

CH,pH 

which the OH attached to the asymmetric C atom is written on the 
right hand side and all the monosaccharides derived from d-glycerose 
care \s ritten with the prefix d- irrespective of their sign of rotation, 
and all the monosaccharides derived from l-glycerose are written 
with the pre^x 1 -. (As a result, laevo- rotatory erythrose is written 
as d-erythrose, dextro-rotatory arabinose is w'ritten as 1 -arabinose. 
laworotator}^ fructose is written as d-fructo'^e, and so on. 

IV, Pentoses, C5H10O5. 


CHO 


CH,pH 

CH.OH 


CO 

CH.OH 

or 

CH.OH 

CH.OH 


CH.OH 

CH,.OH 


CH,.OH 


From the number of asymmetric carbon atoms present, 
four isomers of the aldopenioses (t-e-, pentoses, with CHO 
groups) are possible (arabinose, xylose, ribose and lyxose), 
each with its dextro-^ laevo- and inactive forms. Of these, 
the first two occur widely in natufe in the plant kingdom. 
Ribose has been found in small quantities in yeast nucleic 
acid whereas lyxose has been obtained only synthetically. 
A pentose is occasionally found in human urin^ in a rare 
condition known as pentosuria and this has been shown -to 
be l-xyloketose. 
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The pentoses show the characteristic reactions of the 
monosaccharides, e.g., reduction of ammoniacal silver nitrate, 
Fehling^s solution, etc., formation of osazones, hydrazones, 
cyanhydrins, oximes, etc., as well as esters with acids. The 
aldopentoses are not fermentable with yeast but they are 
decomposed by certain bacteria yielding acetic, lactic, and 
other acids. 


A characteristic reaction of the pentoses 
which differentiates them from hexoses is 
the formation of furfuTaldehyde, furfurole 
or furfuraU 

(i) Furfural reaction. When a pentose 
is boiled ‘ with concentrated hydrochloric acid 
it yields (urfural which is an aldehyde with a 
ring structure, volatile with steam. The presence of furfural can be 
detected by the bright cherry-red colour which it gives when a piece of 
filter pap>er moistened with a solution of aniline acetate is held in the 
distilling vapour. This test is also given by pentosans, and even the 
amount of f)entose or pentosan can be estimated from the furfural- 
dehyde^ formed. Pentoses also give the following tests ; (2) Biat s 
Orcinal Test; Bial’s reagent consists of orcin, cone. HCl and a little 
dilute ferric chloride. The reagent is heated to tK)iling and a few 
drops of the pentose solution added ; a green colour is developed. (3) 
Phloroglucinol Test. On heating a mixture of equal volumes of 
cone. HCl and the pentose solution with a little phloroglucinol, a 
cheiT}^ red colour is developed and a precipitate is formed. The pre- 
cipitate is soluble in amyl alcohol and this solution show.s an absorp- 
tion band between D and E, 


Hd^^lcCHO 

0 

Furfural 


Arabinose, 

Occurrence. Arabinose does not occur 
in the free state in nature but is easily ob- 
tained by the hydrolysis of the polysaccha- 
ride araban (CjHgOJn (see Araban). 
Arabinose can also be obtained by the 
hydrolysis of some plant mucilages, pectins 
and glucosides. 

Preparation . — Cherry gum or gum arabic is^ 
hydrolyzed with 4 percent sulphuric acid, neutra- 
lized with pure calcium carbonate, filtered from 
calciujn sulphate, fermented with yeast to remove the hexoses, and 
evaporated to a syrup under reduced pressure; the syrup is treated 
with 4 to 5 volumes of hot 96 per cent alcohol to precipitate the 
impurities and again concentrated to a syrup. On seeding with pure 
arabinose crystals separate out. 


CHO 

I 

H.C.OH 

I 

HO.C.H . 

I 

HO.C.H 

I 

CH,OH 

l-Arabinose 
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Properties. l-Arabinose, the sugar obtained from 
natural sources, crystallizes in colourless needles, m.p. 160*^; 
it is easily soluble in water but almost insoluble in absolute 
alcohol and ether; it shows mutarotation and is dextro- 
rotatory (see note on p- 197) the specific rotation [a]p° of 
1-arabinose being +104-5'’ (water); the m.p. of the 
phenylosazone is Tbs'". It reduces Fehling’s solution. It is 
not ieimented by yeast but some bacteria decompose it and 
produce lactic, acetic, formic, succinic and oxalic acids. It 
is used in bacteriological work. 

Xylose, Wood Sugar. 

Occurrence. Xylose does not occur in nature in the CHO 
tree state but is easily obtained by the hydrolysis of the I 
polysaccharide xylan or wood gum (CjHgOJn (see HO.C.H 
Xylan) found in cereal straws and grasses, in the wood | 
of deciduous trees, in bark, roots, bran of seeds and H.C.OH 
grains, etc., and is stated to be the most abundant [ 
component of plant constituents next to cellulose. HO.C.H 
Preparation . Xylan is heated with dilute HCl, the | 
solution treated with pure lead carbonate until CHjOH 
neutral to congo red paper, and filtered. The filtrate is 1 -Xylose 
evaporated to a thin syrup, treated with strong alcohol 
to remove gums, lead chloride, etc., the lead removed 
by sulphuretted hydrogen, filtered and concentrated to a syrup. On 
cooling, crystals of xylose separate out which are recrystallized from 
alcohol using some animal charcoal. 

Properiie.^ ■ The 1 -xylose obtained^ from natural sources crystaJ- 
lize.s in colourless needles, m.p, 145°. It has a sweetish taste 
and is easily soluble in water and hot alcohol. 1-xylose shows strong 
mutarotation, [a]D hve minute? after solution = -f85'68° (in water) 
and constant = +18 It is not fermented by yeast but some bac- 
teria and moulds decompose it to produce lactic, succinic, acetic and 
l-xylonic acids. 

Methyl Pentoses 

Rhamnose, 1 sodulcite, CH,.(CHOI 4 )^.CHO; it is found as a 
component of glucosides, such as quercitrin (from the bark of Quercus 
citrina), frangulin (from the bark of Rhamnus frangula), hesperidin, 
etc., from which rhamnose can be obtained by hydrolysis. Rhamnose 
forms colourless crystals with a sweetish taste and a slight bitter aiter- 
taste; [a] ^ for CeHj20i.H30 = +8-5" (water); it shows mutarota- 
tion. Rhamnose is not fermented by yeast but is decomposed by 
certain bacteria forming acetic, lactic and other acids. It is used in 
bacteriological work. 
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Hexoses, 

CHO 

CHOU 

(CHOH), 

CH/)H 

Aldoh('X()se 


CHX)H 

CO 

fCHOH), 

CHX)If 

K('l(iVifX(isr 


Like other monosaccharides, the hexoses can be divided 
into two main groups: (i) aldoses or sugars with an aldehyde 
group, e.g., glucose, and (2) ketoses or sugars with a ketone 
group, e,g., fructose. Of the aldoses, only three occur 
naturally, c.g.. d-glucose, d- and 1-galactosc and d-mannose. 
and these are important from the medical point of \ iew. Of 
the ketoses, only l-fructose and d -sorbose have been found 
to occur natic'ally. 

Besides the CHO or CO group, a hexose contains some 
alcohfoiic hydroxyl groups (one primary and 4 secondary in 
an aldohexose) . Many of the characteristic reactions of the 
sugars may be expected from the presence of these groups 
(see graphic formula for glucose). Thus the reduction 6f 
an ammoniacal solution of silver nitrate, the reduction of 
Fehling's solution, the oxidation to the corresponding acids, 
the reduction to corresponding alcohols and the formation of 
Compounds with hydrocyanic acid, hydroxylamine or’ phenyl- 
hydrazine, are all characteristic of the aldehyde group, and 
the formation of esters, like acetates, nitrates, etc., show the 
presence of alcoholic hydroxyl groups. 


The aldohexoses rontain tour asvmmetric carbon atoms 
and one would, therefore, expect 16 isomers (including the 
d- and 1-forms) and all of these have been prepared either 
from natural sources or synthetically. 

The hexoses are colourless, crystalline substances with 
a sweet taste. They are easily soluble in water, soluble in 
dilute alcohol but almost insoluble in abfelute alcohol, ether 
or chloroform. They are fermentable with yeast. 
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Glucose. Dextrose. Grape sugar, 


CHO 

I 

ILC.OH 

I 

HO.C.H 

I 

H.C.OH 

I 

H.C.OH 


Occurrence. The name glucose is derived 
from the Greek, glukus-^v^eet. The ietm grape 
sugar is derived from the fact that it occurs iu 
fair quantities iq ripe grapes. Glucose is found 
in the free state m almost all ripe fruits as well 
as in the nectar of flowers In honey, T occurs 
from 33 to 40 per cent along with thd 'Saftie 
quantity of fructose as Invert Sugar (see later) . 


CH.OH Glucose ’s found in normal human blood to the 
tJ-Giucose extent of about 0.12 per cent and in the. blood 
of diabetic patients the concentration may rise to as high as 
0.4 per cent. Normal human urine contains less thap p.r 
per cent of glucose but in diabetes the content rises up; to ,6 
or 7 per rent or even hieher. hi combinationy h 

found in disaccharides, trisaccharides, etc., in glucb^des/ and 
in polysaccharides such as starch, glycogen, cellulose, ’etc. 


Preparation. 

In the laboratory . glucose is most easily prepared by the 
hydrolysis of cane sugar. Powdered cane sugar (50 g.), is 
dissolved in 90 per cent alcohol (150 c.c.), some co^iciehtrated 
HCl (6 c.c.) added as a hydrolyzing agent, the solution is 
warmed to about 50'' and allowed to remain at this temf)era- 
ture for about 2 hours, it is then transferred to an icel<^hest 
and seeded with a few crystals of glucose. After a few days 
the cr\’stalline glucose which separates out can be filtered off, 
the more soluble fructose formed along with glucose. remain- 
ing in Solution. The glucose is washed with alcohol and 
purified by recrystallization from dilute alcohol (2:1). The 
reaction is as follows: 

C,TL,0,,+H,0= C.H,.. O, -rC,H,,0, 

Cane sugar Glucose Fructo.se 

On a large scale, glucose is prepared by the hydtolysis 
of starch obtained from potato, rice or maize. The starch is 
heated with about 0.5 per cent sulphuric acid at a tempera- 
ture of about 125^® and a pressure of 2 to 3 atmospheres. 
After hydrolysis is complete, the sulphuric acid is neutralized 
with chalk and the calcium sulphate removed by filtration. 
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The filtrate is decolorized with animal charcoal and then con* 
centrafed to a syrup m vacuo. The glucose crystallizes out 
and is further purified by recrystallization from dilute alcohol. 
It is important to remember that commercial glucose may 
. contain traces of arsenic or lead derived irom the impure 
sulphuric acid used in its preparation; commercial glucose 
may also contain some dextrin and maltose derived from 
starch. The reaction in this preparation is as follows: 

(C.H,,0,)„ -f nH,0 - O. 

Starch Glucose 

Physical Properties of Glucose, — Glucose crystallizes 
from water at room temperature as the hydrate 
in plates, m.p. 86"*', whereas the anhydrous substance 
ciystallizes from ethyl or methyl alcohol in colour-- 
less needles, m.p. 146^ Glucose is about half as sweet as 
cane sugar. It is dextrorotatory and is hence known as 
dextrose; [a]r, + 52*5® (in water); it shows muta- 

rotation (see p. 208). It is easily soluble in water, 100 parts 
of water dissolving 8i-68 parts of anhydrous glucose at 
17*5^. Glucose is almost insoluble in absolute alcohol but 
: the solubility increases with dilution, 100 parts of 89 per 
cent alcohol dissolving 194 parts of anhydrous glucose at 
17*5® and 217 parts at the boiling point. It is partially 
soluble in methyl alcohol but almost insoluble in ether, ethyl 
acetate or acetone. A saturated solution of glucose in 
pyridine contains 7 62 parts of glucose in 100 parts of the 
solution at 26*/ 

Uses, — the most important use of glucose is as food. 
Practically all digestible carbohydrates are ccmverted by 
various ferments in the body to glucose, and are abscwbed 
into the body aS such. After a meal rich in carbohydrate, 
the blood sugar rapidly rises and remains high for about 
twoi hours. Commercial glucose is largely employed in the 
preparation of confectionery, jams, etc., in the preservation 
of fruits, and in silvering mirrors. Solutions of pure glucose 
and of caldum gluconate, prepared from glucose, are used 
-widely m medicine ’either subcutaneously or intravenously. 
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Reactions and Tests for Glucose. 

I. Action of H«at. — On heating, glucose first melts and oq 
further heating it turns brown giving off a smell resembling burnt 
sugar. 

2. Action of Acids. — Concentrated sulphuric acid does not char 
glucose in the cold and it is tnus distinguished from cane sugar; 
charring takes place after heating for some time. Prolonged heating 
with dilute sulphuric acid or hydrochloric acid will produce humus- 
like substances. 

3. Action of Alkalies. — A dilute solution of sodium carbonate 

Or aifiwottia does not produce much change but solutions of caustic 
alkalies produce profound changes, especially when warmed. When 
heated with caustic soda, the solution first becomes yellow, reddish 
brown and then dark brown (dienol reaction); this is sometimes 
used as a test for reducing sugars and is known as Moore* s Test. 
If a solution of glucose is treated with lime water followed by 
alcohol, calcium ^ucosate O^.CaO is precipitated ; it is soluble 

in water but insoluble in alcohol and is decomposed by CO,. A 
similar compound with baryta is known. 

4. Nitro-chromic Reaction. — To about 3 c.c. of the solution 
are added 5 c.c. of cone. HNO, and 5 drops of 5 per cent solution 
of jx)tassium chromate. Mixed well. A blue colour develops in 
about a minute. All sugars including cane sugar give this reaction. 

The test depends on the presence of — CH.OH groups and is 
therefore given by all primary and secondary alcohols (including 
glycerol), formaldehyde, lactic acid, hydroxy-butyric acid, &c., but 
not by polysaccharides, 

5. Dinitrobenzvne Reaction.— To about 4 c.c. of the solution 
made alkaline with 5-10 drops of 20 per cent NaOH solution, are 
added 4 drops of 5 per cent alcoholic solution of o-dinitrobenzene. 
Mixed and warmed gently. A violet colour develops. All reducing 
sugars give this test which is due to dienolisation of sugar. Shaking 
inhibits the reaction. 

6. Reducing Action. --Owing to the presence of free or potential 
aldehyde group, glucose acts as a good reducing agent, the CHO 
group being itself oxidized to COOH. Thus it reduces alkaline 
solutions of the salts of silver, bismuth or copper either to the metals 
or to their lower oxides: e.g., 

(i) Silver , — Ammonia is added to a solution of AgNO^ until 
the precipitate formed just redissolves; on adding a solution of glucose 
and warming the mixture in the water bath a mirror of silver is 
formed. 

(2) Bismuth . — A solution of bismuth subnitrate and Rochelle 
salt in 8 per cent NaOH. known as Nyanders solution, is reduced 
wmen boiled with a solution of glucose ^ving a black precipitate of 
metallic bismuth. Nylander's solution is not reduced by creatinine 
or uric acid and is thus useful in the detection* of glucose in urine. 
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( 3 ) Coppt^r. 

Rarf(M>(i's Reagent- — If a dilute solution of cupric acetate in 
glncial'acetic acid, known as Barfoed's reagent, is boiled with glucose 
solution, a prtK'ipitate of red cuprous oxide (CiuO) is obtained. This 
reaction is given by glucose and ^her nionosaccharides but not by 
maltose and lactose (disaccharides/). 

(5) Fehling’s Solution. — When a solution of glucose is boiled 
with a solution containing copper sulphate, Rochelle salt and caustic 
.soda, known as Fehling's solution, there is a precipitite of red 
cuprous oxide (Cu,0} formed bv the reduction of the cupric sulphate 
erf the solution. 

Fehling’s' solution is also us^xi for the quavtUatn’e estimation of 
glucose — ten cubic centimetres of Fehling's solution being equivalent 
to 0*05 gram of pure glucose. To carrv out an estimation, to c.c. of 
’Fehling's solution are taken in a small conical flask, diluted with 
some water and kejTl boiling over an wire-gau 7 .e. The sugar solution 
is gradually added from a burette until the blue colour just dis- 
appears. 'the end {:K)int being judged by testing a drop with some 
convenient indicator such as a solution of potassium ferrocyanide 
acidified "with acetic acid, or a solution of starch and KT. The use 
of an internal indicator such as a i per cent solution of methylene 
blue added to the t>oiling mixture near the end of tlie reaction, is 
aJsQ . found to be convenient and accurate. The discharge of the 
blue colouf of methylene blue in the boiling mixture indicates the 
end point. 

The Fehling’s solution used in the test consists of two solutions 
which are kept in two separate bottle'^, a mixture of the two in 
equal volumes being the final solution used in qualitative or 
quantitative tests. The first solution or No. I contains 69*28 grams 
of pure copper sulphate cr\\stals (CuSO^.^H.O) per litre of water. 
The second solution or No. TI contairrs 346 grams of Rochelle salt 
(sodium potassium tartrate) and 130 grams of sodium hydroxide per 
litre of wat^r. The Rochelle .salt prevents the precipitation of cupric 
hydrate formed by the action of caustic soda tartaric acid, 

p. rqo). 

The use of Fehling'-^ solution is attended with some objections: 
fi) the NaOH present may destroy some of the sugar, (it) the end 
point is not determined easily, (rii) the mixed reagent not being 
stable, it has to be kept in two separate bottles and the final solution 
has to be tested before use, (iv) it is also reduced by creatinine, 
urates, glycuronates, and a few other constituents of urine. In spite 
of these drawbacks, Fehling's solution is widely used in the rstiifla- 
tion of reducing sugars. In biochemical work, however, it is dis- 
placed in many caaite by Benedict’s solution. 
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(c) B€nedlcrs Solution. — It is really a modification of Fehling's 
solution, the strong alkali NaOH being replaced by solium carbonate 
and tartrate replaced by citrate. Benedict's solution is not easily 
rexluced by urates, etc., and it is thus superior to Fehling's solution 
for the detection of glucose in urine. 

Two solutions are used, the one for qualitative tests containing 
17-3 grams of CuSO,5H^O ; 173 grams of sodium citrate and 100 
grams of anhydrous sodium carbonate per litre of water. The solu- 
tion, which is used for quantitative esitmatious, is made as follows: 
i(X) graniK of anhydrous sodium carfx)nate or its equivalent weight of 
NaXO^.ioHjO, 200 grains of sodium citrate and 125 grams of 
potassium thiocyanatf- are dissolved in hot water, made to about 
800 Q.c. and filtered. 18 grams of CuSO,. 5H.O are dissolved in 
](x> c.c. of water and added to the above solution, 5 c.c. of a 5 per 
cent solution of potassium ferrocyanide are then added to the 
mixture and the whole made up to one litre. 25 c.c. of this solution 
are equivalent to 005 gram of glucose. 

To carry out an estimation, 23 c.c. of Benedict's solution are 
taken in a conical flask, about 5 grams of NaX03 are added and 
the solution kept boiling over an wire gauze. The sugar solution is 
run in from a burette until the Ijlue colour is discharged ajnd milky 
white colour and precipitate appear. To increase the sensitiveness 
and to enable the point to be judged correctly, a drop or two of a 
one per cent solution of methylene blue is added towards the end. 
The copper in Benedict's solution is reduced to cuprous thiocyanate 
which comes down as a heavy white precipitate being insoluble in 
.s<Ddium carbonate, 

7 . Action of Phenylhydrazines. 

(d) Formation oj phenylhydrazones. — Owing to the presence of 
the aldehyde group (see aldehydes), glucose combines with phenyl- 
hydrazine, or a substituted phenylhydrazine, when treated with the 
reagent in the cold in presence of dilute acetic acid, giving a phenyl- 
hydrazone; these bydrazones sometimes serve to identify a sugar by 
their characteristic melting points, e.g-, glucosephenylhydrazone 
CH, 0 H.{CH. 0 H),. CH-.N.NH.QH, forms two isomers, m.p. 115*' 
and 144°; glucosedxphenylhydrazone CHaOH(CH.OH)*.CH : N.N.- 

colourless prisms, m.p. 161"’. 

{b) Formation of Osazones- — When, however, glucose is heated 
with a solution of phenylhydrazine in acetic acid, it forms a yellow 
crystalline substance called phenylglucosazone These osazones are 
given by many reducing sugars aqd the crystalline structure, solu- 
bility and melting point of tbe osazone produced (also with difierent 
substituted phenylhydrazines) help us in the identification of many 
sugars, 

Phenylhydrazine, is mixed wifjh an equal volume of glacial acetic 
acid, diluted with some water and heated with the solution of glucose 
in a . boiling watef bath for . about to Tninutes, when crystals of, 
phenylglucosazone separate out and can be purified by recrystaiUi- 
zation from dilute alcbhob It' fbrims long yellpw needles mc^y in 
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sheafs, m.p. 204-205* (Fig. 34). The reaction takes place as follows: 
the glucose phenylhydrazone first formed is oxidized to a ketone by 
a second molecule of phenylhydrazine and the ketone unites with a 
third molecule of phenylhydrazine to fi>nn tlie osazone: 


CHO 

I 

( CHOH ), 
CH,OH 


CH:N.NH.C,H. 

1 

(CH.OH)^ 

C.H,.NH.NH, 1 

CH,OH 

Glucose phenyl hydrazone 


CH;N.NH.C»H, 

I 

CO . 

I 

(CH.OH), 

I 

CH,OH 



Fig. M- 


8. Action of Hjdrexylamine ; With hydroxylamine glucose 
gives glucoseoxime, 

CH, 0 H.(CHGHJ,.CH 04 -H,N. 0 H = 

CH,OH (CH 0 H)..CH:N. 0 H + H ,0 
Glucoseoxime 

9 . Action of Hydrocyanic Acid : With HCN glucose gives 
a cyanhydrin; on hydrolysis, this cyauhydrin yields an acid which on 
reduction gives the "^higher monoflacchande, glucoheptose; these 
reactions thus enable one to build up a higher monosaccharide from 
a lower one. 

CH,OH.(CHOH),.CHO CH,OH (CHOH). CH (OH).CN 

Ghicose HCN H ,0 

CH,OH(CHOH),.CH(OH).COOH ‘ CH, OH. (CHOH), .CHO 

Glucoheptonic acid H, Glucoheptose. 

10. Action of Acid Radicals, Formation of Esters. — With 
acetic anhydride glucose gives pentacetylglucose or glucose penta- 
cetate CH,.O.COCH,.(€H.O.COCH,<),.CHO ; with beiuoyl chloride 
it gives glucosepetitabenzoate CH ,.0 COC.H, (CH O.COC,H,)^.CHO ; 
all these reactions showr. J;he presence of five alcoholic hydroxyl groups. 
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II. Action of WcohoX^f Formation of Glucosides, — When dry 
HCl gas is passed into a solution gf glucose in dry methyl alcohol, 
<1- and /?- methyl glucosides are obtained (see later); 


CH,OH.CH.(CHOH),.C/ 

i^OCH. 

Methyl glucoside 


12. Action of Reducing Agents. When reduced with sodium 
amalgam, glucose is reduced to sorbitol, the CHO group being 
converted into CH.OH. d-Sorbtle or sorbitol occurs naturally in sorb 
apples, mountain-ash berries, and in some other fruits. It is used in 
bacteriological work. 

13. Action of Oxidising Agents. With mild oxidizing agents 
such as bromine, the CHO group is oxidized to COOH. giving 
gluconic acid. The reaction takes place smoothly v/hen one part of 
the sugar is treated with 5 parts of water and 2 parts of bromine 
and the solution kept at room temperature for i to 3 days. GUiconic 
acid is used largely in medicine as calcium gluconate for the adminis- 
tration of calcium. With more powerful oxidizing agents, such as 
nitric acid, the primary alcohol group of glucose is also oxidized and 
saccharic acid is formed. Another oxidation product of glucose is 
glycuroinc acid, in which the CHO group remains unchanged but the 
terminal CHjOH group is oxidized to COOH. It is excreted as 
glycuronates in the urine but the amount is very much increased if 
toxic substances, such as chloral, camphor, morphine, phenol, 
antipyrine, etc., are administered, these substances being eliminated' 
in combination with glycuronic acid. 


CHO 

I 

(CH.OH), 

I 

CH,OH 

Glucose 


COOH 

I 

(CH.OH), 


CH^H 
Gluconic acid 


COOH 

I 

(CH.OH), 

I 

COOH 

Saccharic acid 


CHO 

I 

(CH.OHJ,. 

I 

COOH 

Glycuronic acid 


14. Fermentation. 

Glucose is fermented or decomposed by a number of fungi- ahd 
bacteria, and the nature of the main product formed depends irpon' 
the nature of the organism selected. A few of the important fermen- 
tations, used in the manufacture of organic compounds, b6 

mentioned here: • . 

{a) Alcoholic Ferynentaiion — Gluco^ is fermented by certain 
species of yeast, such as Saccharomyces cerevisice or brewer's yeast, 
producing ethyl alcohol and carbon dioxide (see ethyl alcohol). Since 
glucose is the only fermentable sugar found in urine, it cam be 
estimated from the amount of CQa produced by the action of yeast. 

{h) Lactic Acid Fermentation . — See lactic acid (p. ife), 

(c) Butyl Alcohol-Acetone Fermentation . — See butyl . alcohol 
(P- 105). 
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(iij ' Butytic Acid Ftni!''ntation . — See butyric acid (p. 143). 

It) ();xa^tc Arid Bcrnu^ntaiion . — Glucose is fermented into 
oxalic acid by a large number of moulds and bacteria. 

Estimation of Glucose in Blood. — The method usually followed 
in biochemical work is a modihcation of Folia's method. 0*2 c.c. of 
blootl IS taken in a srhall test tube and 3 2 c.c. of distilled water is 
added to lake it. The proteins axe then precipitated by adding 
0 3 c,c. of a 10 per cent solution of sodium tungstate, followed by 
o 3 c-c. of a 2/3 normal It is then filtered and 2 c.c. of the 

filtrate (corres^ionding to 01 c.c. of blood) are taken and heated 
with 2 c.c.' of an alkaline solution erf copper sulphate (containing 
4 5 ^ , CuS0^.5HXl 7 5 g. tartaric acid and 40 g. anhydrou.s sodium 
oirbonate per litre). The solution is then treated with 2 c.c, of a 
.solution of phosphomolybdic acid. A blue colour is developed with 
the cuprous oxide formed, whereas the blue colour of th© excess of 
topper sulphide is discharged. The amount of sugar is then cal- 
culated by matching the blue colour against that produced by a 
standard solution (o 02 per cent) of glucose in a colorimeter. 

MB . — Instead of adding o-j c.c. of 2/3 normal HjSO^ to the 
tungstate mixture, 0 3 c.c. of 7^^ copper sulphate soln. may be 
added. 

Mutarotation and Ditfercnt Forms of Glucose. 

The different stereoisomers of glucose have been based on the 
assumption that they possess a simple aldehydic structure. Several 
facts, however, lead us to believe that the structure of each of these 
sugars i.v of a more complex nature. 

Glucose, for instance, does not show many of the characteristic 
reactions of an aldehyde: it does not give Senifi's reaction, it does 
not readily react with sodium hydrogen sulphite nor even with 
phenyUiydrazine-p-sulphonic acid. Again, ordinary glucose shows a 
specific rotation of -fin'’ immediately after solution. The rotation 
gradually decreases and finally becomes constant at -f-52-5'’. This 
pbenoroenon of a change of rotation from an initial value to a 
constant one is called mutarotatwn. If the ordinary glucose is 
cjystalb^ed from pyridine, another modification is obtained which has 
an .initial rotation of 4-17-5°; the rotation gradually increases and 
finally .becomes constant at +52-5“. There are thus two forms of 
d-^fiicose, one with a high initial rotation and another with a low 
initial rotation. In aqueous solution each form is supposed to be 
translormed into the o^er until an equilibriated mixture is obtained 
havibg tive rotation of 4-52*5*’. This equilibrium is attained aJmoot 
iDStantaneously by adding a drop of dilute alkali like ammonia to 
a solution of either form of glucose. 

Again, glucose combines with methyl alcohol as mentioned 
before, apd pvea commands known as methyl glucosides. These 
compoubos do not b^ave as aldehydes and are found to occur 
in two isomeric forms, a-and /9-methyl glucosides. It has also been 
ioupd tbat tt'iiJethyl glucoside is hydrolyzed to glucose with a high 



CARBOHYDRATES 


209 


initial rotation and /3-methyl glucoside is hydrolyzed to glucose with 
a low initial rotation. The form of glucose with a hi^h initial rota- 
tion is thus called a- glucose and the one with low initial rotation 
is called /3-glucose. In equilibrium in aqueous solution, the a'^i^d 
^-forms of d-glucose are stated to be present in the proportion of 
1 : 2 . The presence of the a-^nd )9-forms also shows that ^ucose has 
iive asymmetric carbon atoms. 

Recent researches have shown that a-^-nd ^-forms of d-glucose 
have the pyranose ring structure. Another kJrm of d-glucose, 
known as y-glucose is supposed to have a juranose ring structure 
and it is interesting to note tha^ the jS-form of y-glucose is strongly 
laevorotatory. d-Glucose may, therefore, exist in pyranose, furanose, 
aldehyde and enol forms, and the structure of these, according to 
Haworth and others, are shown below ; the structures of a*^nd 
i^-methyl g^cosides are also shown here for comparison; 
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a-methyl glucoside. /S-methyl glucoside. 

Mechanism of Mutarotation. It was first suggested by 
Armstrong that the change from a“ to ^-form or vice versa was aB 

^4 
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isomeric change Ijrqugbt about by the addition of water, probably 
witli the formation of an oxotiiittn hydrate (having a tetravaleut 
oxygen atoraj as an intermediate product: e.g., 

HO H 


H OH 
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O (CHOH)^ 
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H CH (OH) 

\y I 

C (CH. 0 H )3 
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CH 


CH,OH CFI, 0 H CH, 0 H 

a-glucose Intermediate product /^-glucose 

Mackenzie and Ghosh i^Proc. Roy. Soc, Edin. 1914-15) liave, 
however, shown by a study of the mutarotation of different sugars 
in pure forntanwde that the presence of water is not essential, and 
iVl though water may act in the manner suggested by Armstrong in 
aqueous solutions, the mutarotation in non-aqueous solvents can be 
explained by a similar combination of the solvent with the sugar. 


Chitin. This is a nitrogenous polysaccharide found in the exo- 
skeletons of insects and Crustacea, e.g., shells of lobsters, and in 
certain fungi. Boiling with cone. HCI splits it into glucosamine 
and other products. 

Glucosamine or Cfutosaniine . — Obtained by the hydrolysis of 
chitin and is 2-amino-glucose of the formula, 


CH,0H.(CH0H)3.CH(NH3).CH0 

It is an important constituent of mucins, etc., (proteins found in 
mucous secretions or mucus). It reduces Fehling's solution. Normal 
urine containing excess of mucus may, therefore, slightly reduce 
Fehling's solution and thus lie mistaken for glycosuria. 

C^^ondrosaunne is another amino-sugar (2-amin0-galact0.se) 
obtained as a hydrolytic product of chondro mucoid, a mucoprotein 
found in cartilage, tendon, etc., chondroitin being an intermediate 
hydrolytic product. 


Fructose, 
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^ CH,OH 
d-Fructose 


LcBvulose, Fruit Sugar, d-Fructose, 

Occurrence . — In the jree state it occurs 
together with glucose in honey (see glucose) 
ajad in many sweet fruits, whence the name 
*fruit sugar'. It is filso found in the sap of 
palmyra palm. In combination, it is found 
along with glucose in cane sugar and raffinose, 
and in inulin (see), a polysaccharide which is 
composed of fructose units only. 
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Preparation — (a) From Inulin: ©a a large scale, 

inulin is hydrolyzed by boiling with dilute H2SO4 (about 0.5 
per cent) for about an hour, the acid is removed by BaCO,, 
the solution decolorized with animal charcoal and filtered. 
The filtrate is concentrated in vacuo to a thin syrup and 
finally talcen up with alcohol from which it is allowed to 
crystallize. It can be purified further by cr^^stallization from 
hot absolute alcohol. 

(C,H,,OJn H-nlip = nC,H.,0, 

Inulin Fructose 

(bi From Can^ Sugar: In the laboratory, it can be 

prepared by hydrolyzing cane sugar. A 10 per cent aqueous 
solution of cane sugar (Too g.) is heated with cone. HQ 
(2 c.c.) at 60°. The hydrolyzed solution is cooled to ""S'" 
and treated with freshly powdered pure calcium hydroxide 
(60 g.) with constant stirring and filtered rapidly. The 
filtrate which is kept cold soon deposits fine crystals of 
calcium fructosate C,.HjoO,..CaO. After 24 hours, the crystals 
are filtered off and washed with ice-water. They are then 
suspended in water at 20° and decomposed with the calculated 
quantity of oxalic acid. The filtrate is evaporated in vacuo 
to a syrup at a low temperature, the syrup dissolved in warm 
absolute alcohol, decanted from the insoluble portion and the 
alcoholic extract allowed to stand, when crystals of d-fructose 
separate out. 

Cane sugar Fructose Glucose 

Properties and Reactions.-- d-Fructose crystallizes from 
alcohol in colourless prisms in the anhydrous state, ra.p. 95*. 
It is more than twice as sweet as glucose, and is stated to be 
the sweetest of all sugars. 

N.B. It has been stated by Cameron that taking the 
sweetness of cane sugar as 100, the following figures repre- 
sent the relative sweetness of some of the common sugars: 

Fructose 1733, invert sugar 127-4, oane sugar ioo*o, 
glucose 74*3, xylose 40-0, maltose 32-5, rhamnose 32-5, 
galactose 32-1, raffinose 22-6, and lactose 16 0. 

It is very easily soluble in water; it is more easily soluble 
in alcohol than glucose, one part dissolvings in ii-8 parts of 
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absolute alcohol at i8^. It is strongly laewrotatory and is 
therefore called’ 'laevulose', the name d-fructose being 
retained owing to its genertc relationship to d-glucose (see 
p, 197). Like glucose, it shows mutarotation, the initial rota- 
tion for ordinary fructose (p-form) being [a]v = -i33-5^ 
and the final constant rotation [ « ]d = — 92 °* The calcu- 
laed rotation of the a-form [ « ]d = -21®. 

As is evident from the formula, it is a keto-hexose, 
having a ketone group (CO) instead of the aldehyde group. 
Like glucose it strongly reduces Fehling's solution. With 
phenylhydrazine, it forms an osazone identical with phenyl- 
glucosazone, showing identity of structure of all the 
uncombined groups of the two sugars. With methylphenyl- 
hydrazine, fructose gives a characteristic methylphenyl- 
osazone, not given by glucose, having a melting point 160°. 
Fructose is easily fermented by yeast. As mentioned in its 
preparation, fructose forms a lime compound, calcium fruc- 
tosate, which is less soluble in water than the corresponding 
glucose compound, and which is decomposed by CO2. 

A characteristic test for fructose (also given by other keto- 
hexoses and by cajie sugar which yields fructose on hydrolysis) is 
the SeJivanoff s Test, which is carried out as follows: To a solution 
of fructose mixed with an equal volume of cone, HCl, a few crystals 
of resorcin axe added and the solution warmed ; a deep red colour 
is formed and a brown-red precipitate is finally obtained. The 
precipi^te dissolves in amyl alcohol giving a red colour. The 
reaction* is due to the formation of it? -hydroxymethylfurfural. 

Simply by boiling equal amounts of fructose or cane sugar 
solution and cone. HCb an orange colouration is obtained — this 
is known ^ Ketose Test. 

Other structures of Fructose: — 
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Galactose, d-Galactos^, CcHuO# 

Occurrence . — It does not generally occur 
in the free state in nature but it is widely dis- 
tributed in a combined state. Thus it is found 
in combination with glucose in the lactose of 
milk, in lipoids known as cerebrosides (found in 
nerve and brain tissues), and as a component of 
vegetable gums, pectins and mucilages. Agar- 
agar, a mucilage obtained from certain sea- 
weeds, contains a high percentage of galactose. 

Preparation. — lactose (50 g.) is heated with 2 per cent sulphuric 
acid (500 c.c.) over a boiling water bath for about 4 hours. The 
free acid is neutralized with an excess of BaCOa and the solution 
filtered. The filtrate is evaporated to a syrup and inoculated with 
a few cr\*stals of pure galactose. The crystals which are obtained 
are filtered off, washed with a little 80 per cent alcohol and redis- 
solved in the smallest amount of hot water. Hot strong alcohol is 
added, the solution Ixiiled with animal charcoal and filtered. On 
cooling, pure crystals of galactose separate out. 

Lactose Galactose Glucose 


CHO 

I 

H.C.OH 

HO.C.H 

I 

HO.C.H 

I 

H.C.OH 

CH,OH 

d-Galactose 


Properties and Reactions. — d-Galactose crystallizes from alcohol 
in colourless, minute hexagonal crystals^ m.p. i65’5'’. It is less 
sweet than cane sugar. It is easily soluble in hot water, moderately 
.soluble in 50 per cent alcohol but practically insoluble in absolute 
alcohol. It shows mutarotation, the final constant rotation being 
= -f8i‘5° ; the [«1 d for a-gsdactose is stated to be -f 
145° and that for /?-galactose -f 54°. With phenylhydrazine, it 
forms galactose phenylosazone, m.p. 196°. It is fermented slowly 
and only by some yeasts. Like glucose, galactose forms galacturonic 
acid by the oxidation of the primary alcohol group, Galacturonic 
and other uronic acidic are found in somex natural gums, pectins, 
etc. On oxidation with nitric acid, galactose yields mucic acid, 
HOOC.(CH,OH)^.COOH, a dibasic acid isomeric with sacch^ic acid, 
Mucic acid crystallizes in granular prisms, m.p. 212-215®, and is 
almost insoluble in water. The formation of mucic acid is utilized 
in identifying as well as in estimating the amount of galactose 
present. On reduction, galactose gives dulcitol or dulcite, an in- 
activ^e alcohol occurring in Madagascar manna {Melampyrum 
nemerosuni L.) and other plants. Dulcite is used in bacteriological 
work. 
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Mannote, d-Mannose, 

CHO Occurrence ' — Mannose is not found in the frefr 

1 state in nature but it is widely distributed in plants 

OH-C.H. as the polysaccharide mannan or niannosatt 

I which belongs to the type of ih^*toicelluloses. 

OH.C.H. Mannan ^curs in Salep mucilage, in yeast gum, in 
I ivory nuts, etc. Mannose has also been found in 

H.C.OH combination in animal su])stances such as egg 

I albumin, the globulin of the blood scrum of horse 

H.C.OH and ox, in tubercle bacilli, etc. 

I Preparatwn. — d-Mannose is best prepared from 

CH^OH ivor>^ nuts, i.c., the seeds obbiined from Tagua 

d-Mannose palm, Phytelephas viacrocarpa' R. St P., used in 
making artificial ivory buttons, etc. The shavings of the nuts 
from button factories are hydrolyzed l.iv 75 per cent sul{)huric acid, 
the acid neutralized with CaCO,, the filtrate decolorized with bone 
charcoal, and concentrated to a thin syrup in vacuo. The syrup is 
treated with 95 per cent alcohol and filtered. The filtrate is con 
centrated to a thin syrup and treated with an equal volume of 
glacial acetic acid when crystals of pure mannose separate out. 

Properties nnd Reactions. — <.l-Mannose crystallizes in colourless 
prisms, ra.p. It has a pleasant sweet taste; it is rcadilv soluble 

in water and in 80 per cent alcohol. It shows mutarotation, the 
final constant rotation being (n|i) = +i;p25''. It reduces Fehliiig’s 
solution and forms the same o.'^azone as that given by glucose and 
fructose. It is easily fermented by yeast. On reduction, it gives 
mannitol or manrute, which is found to occur in nature in ash 
manna, in algae, bacteria, fungi, etc. 

Inositol, Inosite, Muscle Su^^ar, i-lnositol, CtHi.Og 
CH(()H)— (CH(OH) 

/ \ 

' CH{OH} c:il(OH) 

\ / 

rn(on)— cii(OH) 

Inositol is inactive and isomeric with the hexoses but strictly 
speaking it is not a carbohydrate at all and can be classed with poly- 
hydroxyphenols (see Phenols). It has a slight sweet taste and occurs 
in mu.scle (hence known as ‘muscle sugar') as well as in other tissues. 
Phytin^ a substance which occurs widely in plants, is the calcium and 
magnesium salt of inositol phosphoric acid which is split up by the 
specific enzyme phytase into inositol and pho.sphate, 

Properties and Tests. — Inositol crystallizes in colourless prisms, 
ra.p. 225"; it is very readily soluble in water, less soluble in alcohol 
and insoluble in ether; it is not fermentable and does not reduce 
Fehling's solution. When inositol is evaporated almost to dryness 
with nitric acid and then evaporated carefully with an ammoniacal 
solution of calcium chloride, a rose red colour is produced (Scheref^s 
Test); with ammoniacal strontium acetate in place of calcium chloride 
a violet tint is obtained. 



. CHAPTER XVH 

I 

CARBOHYDRATES (Continued) 

Class II. Compound Sugars, Oligosaccharides. 

I. Disaccharides. — As the name suggests, a disaccha- 
ridc is composed of two mososaccharide units. The common 
and important ones are sucrose, lactose and maltose, and 
they are derived from two hexose units, with the elimination 
of a molecule of water; + C£Hjj0'5 = 

+ HjO. They are sweet crystalline substances, soluble in 
water- They are hydrolyzed by dilute mineral acids or by 
appropriate enzymes to their component hexoses. They are 
not directly fermentable with yeast but can be fermented 
after hydrolysis to the monosaccharides. Of the above three 
disaccharides, lactose and maltose reduce Fehling’s solution 
whereas sucrose is non-reducing, showing the absence of any 
ketone or aldehyde group in the latter. All the three sugars 
yield octacetyl derivatives, showing the presence of 8 alco- 
holic OH groups. The disaccharidcs do not reduce Barfoed’s 
reagent. 

Sucrose, Cane Sugar, Beet Sugar, Saccharose, Ci,H„„Oji. 

Occurrence.— Cane sugar is fairly widely distributed in 
plants. In the juice of the sugar cane and in the juice of the 
red beet root, it may occur to the extent of about 15 per cent 
and these are, therefore, cultivated by improved methods for^ 
the manufacture of cane sugar. It is also found in large 
quantities in some species of palm (commonly, date-palm) 
growing in India from which crude sugar or gur is made. It 
occurs in ripe pine apples (about 10 per cent), in ripe 
bananas (about 5 per cent), and in several other fruits, in 
the neotar of flowers, ;n honey (0 to 5 per cent), etc. 

Preparation. 

(i) From Sugar Caue . — The canes r*re cut into pieces and passed 
through hydraulic rollers to express the juice. Milk of lime 
is added to the expressed juice and the mixture heated; 
this coagulates the proteins, neutralizes the acids and precipitates 
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some of the acids as lime salts. The precipitates are removed by 
filtration and the filtrate treated with carbon dioxide which precipi- 
tates any uncorabine<} lime and also decomposes the calcium saccha- 
rate formed; it is then treated^ wth sulphur dioxide tp^ decolorize 
the solution. The juice is then^ 4 >oiled, filtered and e^tAporated in 
vacuum pans heated with steam to a suitable consistency for crystalli- 
zation. The cr>'stals are removed from the non-crystallizable portion 
by centrifuging. The non-crystallizable mother-liquor is termed 
molasses which is used for various purjxjses (see below). 

To ^over some of the cane sugar found in molas.ses, it is treated 
with a Wt saturated solution of calcium hydrate Ca(OH)3 which 
combines with the sucrose present forming calcium suctate, 
CijHjjO,, -CaO. Tliis is removed by filtration, dissolved in water, and 
decomposed by the action of carbon dioxide. The precipitated cal- 
ciutrf carbonate is filtered off and the filtrate concentrated in vacuo 
when a further crop of sucrose crystallizes out. The crystals are 
separated and dried by centrifugal machine. The mother-liquor from 
this last crystallization, which still contains some fermentable sugars, 
is utilized for the same purposes as molasses. 

The sugar thus prepared is not quite colourless and so it is refined 
further. It is dissolved in hot water, the solution clarified with lime 
or other agents and the clarified solution is decolorized by passing 
through filters of charcoal or bone-black. The colourless solution is 
concentrated in vacuum to a magma of cr\’'stals which are separated 
by a centrifugal machine and dried. This procedure is not adopted 
in this countr>^ 

(2) From Beet Root . — The roots of the red beet, in which the 
content of cane sugar has l>een increased by proper selection of seeds 
and by improved methods of cultivation, are cut into thin slices, 
placed in a series of tanks and allowed to soak in warm water. Dur- 
ing this period of soaking or lixiviation, the diffsible substances 
(crystalloidsf) in the vegetable cells diffuse out into the water while the 
colloids remain in the cells. The tanks are arranged in such a 
manner that water circulates from one to the other, the incoming 
fresh water first meeting the most macerated pulp and the outgoing 
/water meeting the freshly cut slices. This outgoing water laden with 
cane sugar is subsequently treated in the same manner as the juice 
expressed from the sugar cane (see above). 

Molasses, obtained either from the sugar cane or from beet roots, 
contain 50 — -60 per cent of fermentable sugars. It is sometimes 
inverted (a.£?., hydrolyzed to get invert-sugrai^), clarified and used as 
treacle or golden syrup. Both cane and beet molasses are utilized for 
manufacturing alcohol, acetone, butyl alcohol, citric acid, lactic acid, 
etc., by fermentation. 

The term molasses is very loosely used. The waste molasses 
from sugar factory containing non-crystallisable sugar is to be dis- 
tinguished from ordinary crystallisable molasses or gwr. Both are 
used in the distillery for alcoholic fermentation. 
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Properties, Reactions and Uses — Cane sugar crystallizes 
from water in colourless monodinic pristns without any water 
of crystallization. It is easily- ^luble in water, dissolving in 
about iialf its weight of wtter at 20° and is only slightly 
soluble in alcohol. When heated to 160° it melts to a glassy 
mass which on cooling forms an amber coloured amorphbus 
solid known diS barley sugar ; on heating further, it becomes 
dark brown and is then known as caramel, which is used for 
colouring wines and sweets. Cane sugar is extensively used 
as food — as table sugar and also in confectionery and in 
cooking. 

Cane sugar does not show mutarotation, and its specific 
rotation [o'] = +66*5'' (wat^). It does not reduce 

Fehling's solution but does so after hydrolysis with a dilute 
add. It does not react with phenylhydraziue. It gives 
Selivanoff’s test and Ketose Test (see p. 212) owing to the 
presence of fructose in its molecule. It is fermented by 
ordinary yeast and this is due to the fact that yeast contains 
the enzyme invertase which first hydrolyzes the sugar to 
glucose and fructose and these are fhea fermented by the 
enzyme zymase. 

The hydrolysis of cane sugar to glucose and fructose by 
means of dilute acids or by enzymes is knowm as inversion 
and the mixture of glucose and fructose thus formed is 
known as invert sugar. The term is derived from the fact 
that cane sugar is dextrorotatory but after hydrolysis the 

'H ,0 = 4 - 

Cane sugar Glucose Fructose 

4 - 4- 52-5® —92-0^ 

Invert Sugar 
— 20“ 

solution becomes tevorotatory, the optical activity of fructose 
in the laevo direction being greater than the dextrorotation 
of the glucose fraction. It is interesting to remember thal 
invert sugar is sweeter than cane sugar. 

Lime (CaO) is found to be more soluble in a solution o: 
cane sugar thart in pure water, and sucrose is known to fonr 
compounds like calcium sucrate CioHj^Oj^ CaO, stronfiun 
sucrate Cj2H22.0ijSrO, etc. These sucrates, as mentionec 
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before, are taken advantage of in the recovery of cane sugar 
from molasses. 

The structure of cane sugar, according to the work of 
Haworth and others, is as follows: — 

. CH (OH)— €II (OH) 

/ \ 

HO.CH. Cir CH (OH) 

\ / 

O C'H — O 

Olucose residue 
(Glucopyranosc) 


Lactose, Milk Sugar, 

Occurrence, — :Lactosc“' occurs in milk of all mammals. 
In human milk it is present to the extent of 6 to 8 per cent 
and in cow's milk about 4 per cent. Lactose may occur in 
the urine gf women during lactation. It has not been found 
in the vegetable kingdom. 

Preparation. — Lactose^ is prepared on a large scale as a 
bye-product in cheese factories. The milk is coagulated 
either with the ferment rennet or with dilute acetic acid. 
The whey, obtained after filtering off the casein and fat, 
contains about 4,8 per cent of lactose. It is heated to about 
80° and treated with milk of lime which removes certain 
impurities, filtered, the filtrate saturated with carbon dioxide 
and concentrated in vacuo. The crystals of lactose are 
removed by a centrifugal machine, and purified further by 
recrystallization from water with the help of animal charcoal. 

Properties, Uses and Reactions. — Lactose crystallizes 
from water in colourless, large rhombic crystals with one 
molecule of water of crystallization H^O, which 

is not lost even on prolonged drying at loo"'. It is much 
less sweeter than glucose (see p, 2Tr). It dissolves in 
water to the extent of about 17*8 per cent at 25^, but it is 
insoluble ethyl or methyl alcohol. * It shows mutarotation; 
the commercial milk sugar is a-lactose showing an initial 
sp. rotation of -f 90 and /^-lactose shows the initial sp. 


/CH (OH)— CH (OH) 


sO- 


-CH.CILOH 


CH,OH 

Fructose residue 
(Fructo iuranose) 
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rotation of +35°, and the constant sp. rotation [a]D for 
the equilibrium mixture of anhydrous lactose == -^55 2 ^ 
(water). 

Lactose is hydrolyzed by dilute mineral acids to glucose 
and galactose: 

-f H,0 = C.H.A + QH,A- 

Lactose (Uucose Galactose 

It is also hydrolyzed to the constituent sugars by its specific 
enzyme lactase, found in kephir 
(Torulae), in almonds, etc. Lac- 
tose is not hydrolyzed by inverta'C. 
maltase or diastase. It is not fer- 
mented by brewer’s yeast since the 
latter is unable to hydrolyze it. 

Certain bacteria, such as lactic acid 
or butyric acid bacilli, convert lac- 
tose probably after hydrolysis with 
the lactase present into the corres- 
ponding acids. Lactose reduces 
Fehling's solution and with phenyl- 
hydrazine gives laciosazone, m.p. 

200^"; the characteristic osazone which crystallizes out on 
cooling (cf. glucose') easily distinguishes this from other 
sugars (Fig. 35). 

Lactose is disticguished from glucose by Barfood's reagent wbich 
is, if at all, \-en.' slightly reduced by the fonner and the reduced 
Cu.O forms only a thin lilm on the surface of the Barfoed's solution. 
It is also distinguished from glucose or surco^e by Rubne/s test 
which is carried out as follows: A solution of the sugar is treated 
with a solution of lead acetate, boiled fora few seconds and ammonia 
is added until a white precipitate is formed; on boiling again, the 
precipitate becomes cream coloured; with sucros<- the precipitate 
remains colourless and with glucose it becomes salmon pink. On 
oxidation with bromine, lactose gives Jactobxorwc acid, the glucose 
residue being oxidized: Ojo-COOtT. Wdth 

a stronger oxidizing agent such as nitric acid, lactose gives a mix- 
ture of saccharic and mucic acids. 

Lactose is used in medicine and sometimes as a diluent 
of other drugs as also as a food. 

According to Haworth and others, lactose has the 
following structure: 


grains, in some yeasts 



Fig. 35. 
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CH 3 OH 

CH(0H)--CH(OH) CH -O 

/ \ / \ 

CHCOH) CH-O-CH CH(OH) 

\ Z .\ / 

CH O CH(OH)->-C'H(OH) 

Glucose residue 

CH,OH 

Galactose residue 

Afaltose, Malt Sugar, Cj 2 H 320 jj 

Occurrence . — This occurs in the free state in small 
quantities in many plants, and its origin is probably due to 
hydrolysis of starch by the action of the enzyme diastase 
present in the plant: 

(C,H,.OJn -f H ,0 = -f 

Starch Dextrin Maltose 

Preparation . — Maltose can be easily prepared by the 
hydrolysis of starch with the help of diastase found in malt 
extract (see p. 83)- A paste of starch (100 g.) with water 
(400 c.c.) is treated with malt extract (5 g.) and kept at 
alx)ut 60^ for one hour. Most of the starch is hydrolyzed 
to maltose: 2(CgHjj,0J“ + nH20=:nCj2H220i^. The 

liquid is heated to boiling, Mtered and concentrated in vacuo 
to a syrup. It is then mixed with 90 per cent alcohol which 
precipitates the dextrin, the maltose remaining in solution. 
On removing the alcohol from the filtrate and seeding the 

residue with some crystals of mal- 
tose, the latter crystallizes out. It 
can be purified further by recrys- 
tallization from hot methyl alco- 
hol with the use of animal char- 
coal. 

Properties and Reactions . — 
Maltose crystallizes from water 
in needles with one molecule of 
water ©f crystallization. 

m.p. 100^. It is readi- 
ly soluble in water but less so in 
Fig. 36. alcohol and methyl alcohol. It 

is less sweet than glucose (see p. 211). it shows muta- 
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rotation, the constant value being [a]y®= 4- I 37 ^ ^t 
reduces Fehling's solution and with pheaylhydrazine it 
forms an osazone with characteristic crystals different from 
those of glucose or lactose^ m.p. 206° (Fig. 36). Maltose 
is hydrolyzed by dilute mineral acids to two molecules of 
glucose: 

4- H,o =3 

Maltose Glucose 

The same hydrolysis takes place with the enzyme 
maltase. Maltose is fermented by yeast, which first 
hydrolyzes it to glucose with the help of maltase present in 
yeast- On oxidation with bromine, maltose gives maltobionic 
add : 

COOH. 

With a stronger oxidizing agent maltose is oxidized to 
two molecules of saccharic acid. According to Haworth and 
others maltose has the structure of glucose-a-glucoside: 


CH,OH CH,OH 



7 \ 7 \- 

CH (OHJ CH— O— CH CH (OH;) 

\ 7 \ 7 

CH (OH)— CH (OH) CH (OH)-CH {OH) 

2 . Trisaccharides, CjgHjjOj, 

e.g., Raffinose : occurs in beet root, in cotton seeds, etc., 
crystallizes ip colourless prisms, m.p- 118-119°; soluble in water but 
not in alcohol; has no reducing power; [a]o = +104° (waterj; on 
hydrolysis, it yields fructose, glucose and galactose: 

4- 2H,0 -f -f QH,, O. 

3. Tetrasaccharidet, 

e.g., Stachyose : occurs in the roots of some plants, e.g., Stachys 
tuberifera nA; forms colourless crystals, m.p. 167-170°; sweet in 
taste and easily soluble in water; has ' no reducing power; 
[«]d = +148° (water) i hydrolyzed b}^ mineral acids to glucose, 
fructose and two molecules galactose. 

Class III. Polysaccharides. 

These may be regarded as the condensation products or 
anhydrides of monosaceharides, which may be either pentoses^ 
or hexoses. They possess very high molecular weights and 
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most of them arr amorphous and tasteless. The majority 
of them are insoluble in cold water and in alcohol. According 
to the nature of the monosaccharide unit, they are called 
pcfiiosci^^s (^5^8^4)11 or h cxosuiis Among 

the pentosans, which have no medical importance, are 
compounds like araban and xylan which occur in plants and 
give rise to arabinose and xylose respectively on hydrolysis. 
The hexosans include many compounds such as starch, 
dextrin, glycogen, inulin, cellulose, etc. The polysaccharides 
contain free OH groups and yield esters with acetic and 
nitric acids and methyl ethers w’ith methyl sulphate. 

Starch, Amylum, 

Occurrence, — This is widely distributed throughout the 
vegetable kingdom, the soluble sugar first formed by 
photosynthesis being ultimately transformed into starch and 
stored as such. It is thus found in fair amounts in seeds, 
tubers and rhizomes where it acts as a reserve material for 
the nutrition of the young plant. Potatoes contain 13 to 20 
per cent of starch, rice 75 to 80 per cent, reheat and maize 
60 to 65 per cent, and so on. Other starches used as food 
are arrowroot, obtained from the rhizomes of Marania 
^rundinacea L, cultivated ' in the West Indies, tapioca 
obtained from the tubers of cassava {Manihot utilissima 
Pohl ) grown in Southern India, sa)go obtained from the 
pith of the sago palm (Sagtis rumphii Willd.), and sothi 
found in Bengal, prepared from the rhizomes of Curcuma 
zeodoria Rose,, etc. 

Preparation. — Starch is chiefly prepared by mechanical 
means from rice, potatoes or maize (or Indian com), the 
last forming the largest source from Tj.S.A. The material 
is softened, crushed and washed with water through sieves 
which retain the coarser particles of cellulose, proteins, etc., 
and allow the starch granules to pass through. The starch 
granules are allowed to settle, washed with fresh water and 
finally freed from water by a centrifugal machine and dried 
at a Ipw temperature. 

Properties and Reactions of Starch. — Starch forms a 
fine white tasteless powder and occurs in plants as minute 
granules made up of concentric layers around a hilum; the 
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size shape and structure of these granules as seen under 
the microscope vary with the source of the starch and help 
in their identification; thus, the granules of w'heat or barley 
starch (diameter 25-35 fi) or potato starch (diam. about 
45-100 |i) are much larger than those of rice (diameter 
6-10 [i). Starch is insoluble in cold water and in alcohol, 
and it can be precipiated from its solution in hot water by 
the addition of alcohol. If a suspension of starch in water 
is boiled, the granules swell up and burst forming an opales- 
cent solution which becomes pasty on cooling and is called 
starch paste- Starch solution gives a dark blue colour with 
a solution of iodine in Kl; the blue colour, due to an iodine 
adsorption complex of variable composition, disappears on 
heating or on adding an alkali and reappears on cooling or 
acidification. The reaction is very delicate and is used both 
for the detection of starch and also for very small quantities 
of iodine. Starch solution does not reduce Fehling's solu- 
tion. It is dextrorotatory ; sp, rotation = *f20o" (dissolved 
inHCl). 

Starch granules are composed of (i) amylose 
(a-amylose) which occurs in the interior of the granules 
and forms about 66 per cent of the starch; it is soluble in 
cold water and gives a clear bright blue colour with iodine; 
it . is hydrolyzed by malt extract completely into maltose; 
(2) amylopectin (p-amylose) which occurs in tKe envelope 
of the granules and forms about 33 per cent of the starch; 
it is insoluble in cold water and swells up in hot w^ter 
giving the mucilaginous character to starch paste ; it gives 
a violet colour with iodine solution; amylopectin contains 
veiy small quantities of a phosphoric acid complex {je.g., 
0 084 per cent of P in potato starch) . 

Soluble Starch — When starch granules are treated with 
dilute HCl (about 10 per cent) for several hours, they 
become soluble in hot water without forming a mste- This 
property is utilized in making soluble starch. Pure starch 
(100 g.) is treated with dilute HCl (200 c.c., about 7*5 per 
cent) at room temperature for 6 or 7 days, stirring the 
mixture regularly; the acid is removed by decantation, 
washed free from HCl, and dried. 

Hydrolysis of Starch. — Saliva, which contains an enz5mie 
amylase of diastase (formerly known as ptyalin], acts upon 
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starch and hydrolyzes it in stages, first to dextrin and then 
to maltose. The amylase present in pancreatic juice (for- 
merly known as amylopsin) hydrolyzes starch in the same 
way to maltose. Amylase (diastase) is unable to hydrolyze 
starch beyond the maltose stage. Taka diastase (prepared 
from some species of the fungus, Asper^llus), which con- 
tains both diastase and maltase, can however convert starch 
into glucose, the hydrolysis of maltose to glucose Toeing 
done by maltase. On heating with dilute mineral acids, 
starch is hydrolyzed as follows, the final product being 
gluco^: 

Starch Dextrins Maltose Glucose 

The content of starch is estimated by the amount of glucose 
formed by its hydrolysis. 

Uses of Starch. — Apart from its use as food (e.g,, rice, 
wheat, potato, etc.), starch is the starting material for the 
preparation of glucose, com sjTup, dextrin, ethyl alcohol, 
etc. It is also used in sizing paper and in finishing cotton 
fabrics. 

Structure of Starch — According to Haworth and others, 
the starch molecule is composed of a regular chain of 
a-glucopyranose units and the length of the starch molecule 
is stated t# contain at least 24 to 30 glucose units : 


Cn^OH * pi^OH CHiOH 

Ih — 0 CH — 0 (I:h — 0 


/ \ / \ 

-CH CH-O-CH 

\ / \ / 

CHtoH)-Qt(Oh) CH(0H) — CH(CH) 


/ \ 

CH-O-CH CH-0- 

\ / 

CH(OH)-Ch(OH) 


Dextrin, Btitish Gum, 

Dextrins are polysaccharides produced by the partial 
hydrolysis of starch, either by dilute mineral acids, by heat 
or by enzymes. Thus when pure starch is heated to about 
200°, it is converted into dextrin which does not give the 
blue colour with iodine; the same change takes place when 
bread is toasted or linen is ironed. The dextrins are inter- 
mediate in complexity between starch and maltose, and are 
composed of several glucose units. 
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Dextrin is generally prepared on a large scale by 
moistening starch with dilute nitric acid, stirring the paste 
and heating for some time at about 120^. It is an amor- 
phous, tasteless power, soluble in water but insoluble in 
alcohol. It is dextrorotatoiy and hence the name. It is 
also known as starch gum and British gum (to distinguish 
it from natural gums such as gum acacia, gum arabic, etc.) 
and i* used in the preparation of adhesives. It is probable 
that a number of dextrins are formed during the gradual 
hydrolysis of starch, and two of these are well known: 
(i) erythro-dextrin, which gives a reddish brown colour 
with iodine and (2) achroo-dcxirin, which gives' no colour 
with iodine. On hydrolysis with enzymes or with dilute 
mineral acids, the dextrins yield maltose and ultimately 
glucose. 

Glycogen, Animal Siarch, 

Occurrence, — This polysaccharide is found as a reserve 
food material in fair amounts iin the liver and in small 
quantities in the muscles of all animals. Oysters and other 
molluscs are known to be rich in glycogen. Although 
known as animal starch, it is found in plants such as yeasts 
and certain fungi. After a meal rich in carbohydrates, the 
glycogen content of the liver is increased due to the absorbed 
glucose being condensed into and stored as gly^gen; the 
liver can convert the glycogen again into glucose when 
necessary. During muscular work, the amount of glycogen 
in muscle is diminished on account of its partial conversion 
into lactic acid {vide lactic acid). 

Preparation . — Livers from animals fed on an excess of carbo- 
hydrate diet are cut into fine pieces, washed with normal saline, 
and poured into lx)i]ing water containing a little acetic acid in 
order to coagulate the proteins and stop the action of the hydro- 
lyzing enzymes. The pieces are then finely ground up and extracted 
with boiling water, the aqueous extract treated \Wth trichloracetic 
acid in order to precipitate all the proteins, and filtered. The 
glycogen is then precipitated from the filtrate mth the addition of 
an equal volume of alcohol. 

Properties and Reactions, — Glycogen is a tasteless, amor- 
phous, white power. It dissolves in hot water giving an 
opalescent so^tion which is dextrorotatory; [a]^‘= q- 196°. 
With iodine solution it gives a reddish brown or mahogany 

15 
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brown colour. It does not reduce Fehling's solution and is 
not fermented by yeast. It is composed of several glucose 
units and as in the case of starch, it is hydrolyzed by 
appropriate enzymes or by dilute mineral acids gradually 
into dextrin, maltose and glucose. Glycogen is stated to 
have the same structure as starch but it has a lower mole- 
cular weight and is stated to have a chain consisting of a 
minimum of 12 glucose units. 

Inulin, (QHj.OJo 

.Occurrence . — Inulin occurs in the tubers of the dahlia 
{Dahlm varitxbilis Desf.), Jerusalem artichoke (Helianihus 
iuberosus L.) and chicory (Cichorium intybus L.), and has 
more recently been isolated by Ghosh from the roots of 
{Saussurea lappa Clarke) growing in Kashmir with an yield 
of nearly 18 per cent. Inulin forms the main source of 
fructose. 

Preparation , — Dahlia tubers are minced and extracted with 
boiling water in the presence of some calcium carbonate and filtered 
hot through muslin. The filtrate is treated with a solution of lead 
acetate to remove some impurities, filtered and treated with H^S to 
remove the excess of lead. The PbS is filtered off and the filtrate 
<X)ncentrated to a small bulk when the inulin is precipitated specially 
with the addition of some alcohol. It can be purified further by 
redissolving in hot water, decolorizing with animal charcoal, filter- 
ing, concentrating and precipitating with alcohol. 

Properties and Reactions . — It is a white, tasteless, crys- 
talline power. It is soluble in hot water, the solution being 
Isevorotatory, [a] p =-350. It consists of fructose units, 
and is hydrolyzed by dilute mineral acids or by the specific 
enzyme inulase to d-fructose. The chain length of inulin is 
stated to consist of about 30 fructofuranose units. 

Araban, (0^^804)° • This is also a polysaccharide and a pentosan 
found in many plant gums, such as cherry gum (from Prunus cerasus 
L.), gum arabic (from Acacia Senegal Willd.J, gum tragacanth 
(from Astragalus gummijer Labill.), etc. It is a white amorphous 
mass, soluble in water, and is hydrolyzed by mineral acids to 
d-arabinose. 

Xylan y Wood Gum-, (CTIgOJii; This is also a polysaccharide and 
a pentosan found in straw, grasses, wood of various trees, in bark, 
root, bran of seed, etc., and is stated to be, next to cellulose, the 
most abundant of plant constituents. It is a white amorphous 
powder almost insoluble in water. It is hydrolyzed|by mineral acids 
to 1 -xylose. • 
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Cellulose, (C^H^oOJn 

Cellulose is a polysaccharide and a hexasan. It forms 
a large portion of the cell walls of plants. Cotton wool 
contains about 99 per cent of pure cellulose and good filter 
paper is almost pure cellulose. 

Pure cellulose is a white hygroscopic substance which 
is insoluble in water and in alcohol. It does not give any 
colour with iodine solution, it gives the Thymol Test (see 
p. 195). It is soluble in (a) a solution of zinc chloride in 
cone. HCl, and (b) in an ammoniacal solution of cupric 
oxide, known as Schweitzer's reagent, in which the fibres 
first swell up and then dissolve. 

Cellulose is not easily hydrolyzed by ordinary enzymes; 
it is, however, attacked by certain bacteria, usually found 
in the intestines of herbivora, with the formation of methane, 
hydrogen, carbon dioxide, etc. When heated with dilute 
mineral acids (say, 5 per cent H^SO^) under pressure, 
cellulose is hydrolyzed to glucose; this method is used on 
a large scale for the manufacture of alcohol: 

(QH,,0,)n +nH,0 = nC,H,,0. 

Besides its use in cotton industry, c^ulose is largely 
utilized in manufacturing paper. \^en treated with a 
mixture of concentrated nitric and sulphuric acid (3:1), 
nitric acid esters or nitro-celluloses are produced. The 
higher nitro-celluloses are used in making explosives such 
as gun-cotton CgH702(O.N02)3 which is the trinitrate 
used in making ‘blasting gelatine', cordite, etc. The lower 
nitric acid esters or pyroxylins [C6H^O^.OH(O.N02)2] 
dissolved in a mixture of alcohol (one volume) and ether 
(three volumes) form the collodion used in medicine as 
^surgical collodion' for sealing the puncture after an injec- 
tion. The lower nitro-celluloses mixed with camphor and 
a few other substances yield celluloid, used in' various 
industries. Cellulose is also largely used in making artificial 
silk by dissolving it in a suitable solvent, e.g., Schweitzeris 
reagent, squirting the solution through fine holes and then 
evaporating the solvent. 

A strong solution (15—20%) of NaOH produces 
a curious thickening and gelatinization of the fibre which 
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becomes translucent and the process is known as 'merccriza- 
iion" (after John Mercer). The mercerized fabric is in- 
soluble in 10% NaOH but natural silk is sdluble in the 
same. 

The acetic acid ester or cellulose acetate is used in 
making artificial silk (technically called ‘acetate silk" or 
"celanese’), cinema films, and dopes, a kind of varnish used 
in aeroplane wings. The transparent sheets or foils of 
cellulose acetate are used in preserving old books and docu- 
ments by lamination. 

The hard * fibre' used in making trunks, suit cases, etc., 
is prepared by compressing sheets of paper which have been 
gelatinized by ZnCL, and other reagents. 

The parchment paper is made by gelatinization of paper 
with H2S0^. The transparent paper of commerce (different 
from cellulose acetate foil) is made by a similar process. 

As regards the structure of cellulose, it is stated to 
consist of a regular chain of /^-glucose units joined in a 
glucqsidic union, and the cellulose molecule consists of 
about 200 glucose units in the chain. 

Clast IV. Complex Polysaccharides. 

1. Hemicelluloses. 

These arc found along with cellulose in. plants. They are in- 
soluble in water and are hydrolyzed by dilute mineral acids, more 
readily than cellulose, into sugars other than glucose, generally 
galactose, mannose, arabinose or xylose ; e.g,, galactan, mannan, 
agar-agar, etc. 

Agar-agar or Japanese Isin^Jass or ‘Chinese root' is a galactan 
prepared from certain sea-weeds (Rhodophyceae). Agar-agar is 
odourless and tasteless and insoluble in cold water. It is soluble is 
hot water, and on cooling the .solution sets to a thick jelly. It is 
largely used to prepare solid media for culture in bacteriological 
work. It is also used to thicken milk, cream, ice-cream, etc. On 
hydrolysis of agar-agar, the main product is galactose, and it is 
stated to be the sulphuric acid caster of a linear polygalactan. A 
sea weed Gracillaria confervoides Greville (Fam. Rhodophyceae), 
found in the Chilka Salt Lake, has been shown to yield agar-agar 
conforming to the B.P. standard (Bal, Basu & Chakravarty). 

Jute, the fibre obtained from the plants Ccrchorus capsularis L, , 
and Corcluyrus olitorius L., is stated by Sircar to possess the following 
approximate percentage composition: a-cellulose 6o-o, hemicellulose 
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20'0, lignin iro, polyuronides 5'0, nitrogenous matter r3, fats and 
waxes ro,ash i'2, miscellaneous o-j, 

2. Gumi. These are exudations of certain plants and are trans- 
parent, amorphous substances which dissolve in water forming a 
slimy solution, They are insoluble in alcohol and are, therefore, 
precipitated from an aqueous solution on adding alcohol, They are 
composed of hexoses and pentoses together with uronic acids (see 
p. 213), and are mostly combined with K, Ca or Mg as their salts. 
Some of the gums, such as gum arabic and gum tragacanth, are used 
in medicine for emulsifying oils. On hydrolysis, both gum arable 
and gum tragacanth yield galactose, arabinose and uronic acids. 

3 . Mucilagei. These are closely related to the gums and the 
name is applied to those substances which dissolve in water to 
form a slimy liquid. 

4. Pectin. Pectin is a water-soluble gdatinizing colloid. It is 
stated to be tlie methyl isopropenyl ester of pectic acid and is found 
in fruits, such as guava, apple, black-berry, goose-berry, currants, 
oranges, etc., and is the cause of the gelatinization often seen after 
boiling these fruits. This property of jellification, specially, in the 
presence of acids such as citric acid and cane sugar, is used in 
making fruit jellies and jams. The pectins are hydrolyzed by mineral 
acids first to poetic acid which on further hydrolysis gives galactose, 
arabinose and uronic acids, generally galacturonic acid. 



CHAPTER XVIII 


GLYCOSIDES, SAPONINS AND BITTER 
PRINCIPLES 


Glycosides. 

General Considerations — The term glycoside is applied 
to a large number of substances, both naturally occurring 
and s^uithetic, which split up on hydrolysis into a reducing 
sugar and a non^sugar con^ 07 ient called aglucone or agly- 
cone- The term glucoside now deontes a specific name 
applied only to those glycosides in which the sugar com- 
ponent is glucose, the other term, glycoside^ being a general 
name for the group irrespective of the sugar present. 

The sugar coynponent in a glycoside may be a disac- 
charide, a hexose, a pentose or even a sugar of special 
constitution as found in the Digitalis glycosides. The 
aglucone or the non-sugar component varies a good deal in 
nature and the classification of the glycosides is based upon 
the nature of the aglucone component. These aglucones 
may be phenols, alcohols or aldehydes of the aromatic series, 
various colouring matters (such as, hydroxyanthraquinones, 
coumarins, flavones, flavonols, flavonones, xanthones, antho- 
cyanins, etc.), compounds like digitoxigenin, digitaligenin, 
strophanthidin, etc., of complex composition, isothiocyanates 
(or mustard oils), KITSO^, hydrocyanic acid, etc. The 
glycosides which yield HCN on hydrolysis are given the 
special name of cyanogenetic (or cyanophoric) glycosides. 

The glycosides are found widely distributed in plants, 
chiefly in the fruit, bark and roots. They are generally 
accompanied by their specific enzymes, found in separate 
cells, which hydrolyze them. 

Preparation. — The plant material is extracted with hot 
water or hot alcohol in order to prevent the action of the 
enzymes, and some powdered calcium carbonate is added to 



CARBOHYDRATES (Contd.) 

prevent hydrolysis by the free adds present. The extract 
is concentrated to a small bulk in vacuo, when the glycoside 
usually crystallizes out. in some cases, the aqueous extract 
is treated with a solution of lead acetate or basic lead acetate 
or preferably with freshly precipitated lead hydroxide in 
order to remove the colouring matter, the excess of lead 
removed by H2S, the filtrate from PbS neutralized and then 
concentrated in vAcuo to a s>Tup. The glycoside may then 
be extracted witb some organic solvent from which the pur 
substance crystallizes out. In practice, however, no general 
method can be laid down as the process of isolation and 
purification varies a good deal with the properties of the 
glycoside. 

Properties and Uses . — The glycosides are usually 
colourless, crystalline solids, soluble in water and alcohol but 
insoluble in ether. Most of them are laevorotatory and have 
a slightly bitter taste. They are hydrolyzed by dilute mineral 
acids or by specific enzymes to a reducing sugar and a non- 
sugar component (aglucone). Some of these glycosides are 
active poisons, such as those found in Digitalis, Strophanthus, 
Oleanders, Antiaris, etc. Others act as poisons owing to 
the liberation of HCN, others again are harmless. Some of 
the glycosides, such as digitoxin, strophanthin, ouabain, 
salicin, etc., are used in medicine. 

Digitalis Glycosides. 

These are found in the leaves and seeds of the foxglove, 
Di^tatis purpurea L., now cultivated in India (Kashmere, 
Nilgiris, Mungpoo). The tincture of digitalis, a standardized 
alcoholic extract of the leaves, is used in medicine to decrease 
the frequency and increase the force of the heart beat. The 
leaves contain se\Tral glycosides, such as digitoxin, gitoxin, 
digitalin, gitalin, etc., and some saponins such as digitonin, 
gitonin, etc. There are no accurate chemical methods for 
testing the activity of these glycosides and they are usually 
assayed by biological methods. 

Digitoxin this glycoside is the most active 

principle of the leaves; on hydrolysis it yields 3 molecules of 
the sugar digitoxose, CglfjoO^, and one molecule of the 
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aglycone digiioxigenin Digitoxose has been 

shown to be a deoxymetliylpentose of the structure: 

CH,CH(0H).CH(0H).CH(0H}.CH3.CH0 

N.B. — The leaves of Digitalis lanata Ehrh, which con- 
tain many of the glycosides found in Digitalis purpurea and 
have been recently introduced into India, are stated to 
possess a physiological activity 2 to 3 times that of the 
international standard leaf. This is stated to contain the 
active glycoside lanadigtn^ 

Strophanthus Glycosides. 

The seeds of various species of Strophanthus. growing 
in tropical eastern Africa and used as arrow poison, contain 
glycosides whi^ have a toxic action on the heart. One such 
glycoside g-strophanthin or ouabain, isolated from the seeds 
of Strophanthus grains Franch., js used in medicine in heart 
troubles as well as a standard for biological assays. Ouabatn 
is hydrolyzed by acids to rhamnose and 

the aglycone 

SaUdn, 

This glucoside occurs in the bark of the willow tree 
(Salix alba L., Salix fragilis L., etc.) as also in the bark of 
the poplar {Populus alba L., etc.) and in other plants- It 
can be prepared by extracting the bark with boiling water, 
concentrating the extract to a small bulk, digesting with 
litharge, filtering and concentrating the filtrate to a syrup. 
On cooling, salicin separates out, and it is purified by recrys- 
tallization from water. 

Salicin crystallizes in colourless prisms and has a bitter 
taste, m.p. 201°; — -62-5"^ (in 5 per cent aqueous 

solution). It is sparingly soluble in cold water but more 
easily soluble in hot water or alcohol. It is used in the 
treatment of rheumatism and also as an antipyretic. On 
hydrolysis, by emulsin or by dilute mineral acids, it gives 
glucose and saligenin (o-hydroxy benzyl alcohol): 

= CJI„0, + H0.C,H,.CIT0H 
Sinigrin, Cj.H.^O^NSsK. 

This glucoside is found in the seeds of the black 
mustard, Brassica nigra Koch. It crystallizes from alcohol 
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in colourless needles, m.p. 129°; (water). 

It tastes bitter and is easily soluble in water. On hydrolysis 
with my rosin, the enzyme present in black mustard, or with 
dilute mineral acids, it gives glucose, potassium hydrogen 
sulphate and allyl iso thiocyanate: 

C,,H,ANS,K4-H,0 = QH,,0,-fKHS0,4-CH,;CH.CH,.NCS 

Amygdalin, CooH^vOj^N 

This glucoside occurs, along with its specific enzyme 
cmulsin, in bitter almonds {Pru7ius amygdalus var. amara 
Sock.) as well as in the kernels of apricot {Prunus ar^neniaca 
L.), peach {Prunus pcrsica Sieb. et Zucc.), English plum 
{Prunus dowestica L.) , etc. It belongs to the group of 
glucosides which give hydrocyanic acid as one of the pro- 
ducts of hydrolysis. These cyanogenetic glucosides may be 
harmless when intact but may cause poisoning due to the 
liberation of HCN on hydrolysis in the stomach of men and 
animals. 

Amygdalin can be easily prepared from bitter almonds. 
The crushed kernels are freed from fatty oil by extraction 
with petroleum ether and then extracted with boiling 95 per 
cent alcohol; the alcoholic extract is concentrated to a small 
bulk and treated with about half the bulk of ether; the 
precipitate of amygdalin thus obtained is purified by recrys- 
tallization from alcohol. 

Amygdalin is a colourless crystalline bitter substance 
soluble in water and in hot alcohol, m.p. 215''; [a]o = 
-41*5'' (w’ater). On hydrolysis, it yields glucose, benzal- 
dehyde and hydrocyanic acid: 

C,H,,0,,N-f2H,0 = 2C„H.,0,+ C,H,.CH0+HCN 

Other common cyanogenetic glucosides are, 

Linamarin found in the linseed, mostly in the immature seeds ; 
split up on hydrob^is by the enzyme litiase into HCN, acetone, and 
glucose. Dhurrin is found in the young Sorghum vulgare Pers. 
(Ind. — Jowar, Gama) plant, the common green fodder for cattle m 
tliis country/ It has been recently shown by Bagchi to be present m 
bambck) shoots, and it splits up into HCN, p-hydroxybenzaldehyde 
and glucose. Both the glucosides. linamarin and dhumn, c^nse 
fatal HCN poisoning in cattle in Bengal and other provinces. The 
specific enzyme for dhurrin is stated to be emulsm. The amount of 
HCN in bamboo shoots may be as high as o-8 per cent. 
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The Saponins. 

These form a group of glycosides fairly widely distributed 
in the vegetable kingdom. On h3^drol}^is, they yield a sugar 
and a non-sugar component known as sapogenin. 

They are usually white or cream coloured powders, 
soluble in water and in hot alcohol but insoluble in ether, 
chloroform or benzene. They possess a bitter taste and the 
diy powders irritate the nose. They reduce the surface 
tension of water and their aqueous solutions produce a per- 
sistent froth on shaking (hence the name saponin), and form 
emulsions with oils or resins and thus prevent the deposition 
of finely divided particles. They are toxic to cold-blooded 
animals like frogs and fishes and haemolyze red blood cor- 
puscles, the haemolytic action being utilized in the estimation 
of saponins. They form additive compounds with cholesterol. 
The more poisonous saponins are known as sapotoxins- 
The saponins are divided into two classes (i) neutral 
saponins, which are precipitated by basic lead acetate, and 
(2) acid saponins which are precipitated by neutral lead 
acetate. 

Some of the drugs used in medicine, such as sarsaparilla, 
squill, quillaia, senega, etc., contain saponins as their active 
components. Ritha or Soap-nut (Sapindus mukorossi 
Gaertn, or S. irifoUatus L.) is used in washing as a subs- 
titute for soap and its action is due to the emulsifying powder 
of the saponins contained in the nut. 

Bitter Principles. 

They form a group of naturally occurring substances 
with a bitter tasfe, which are neither glycosides nor alkaloids. 
Th^ are used in medicine either as anthelmintics or as bitter 
tonics. The best known compound is santanin 
a bitter substance found in the flowering tops of Artemisia 
mariiima L., growing in Kashmere, Russian Turkistan, etc., 
and is used in the treatment of round worms; this is a 
naphthalene derivative. Other bitter substances used as 
drugs are found to occur in Quassia, Chirata, Gentian, Aloes, 
Andrographis (Kalmegh), Coloc 3 mth, etc. 



CHAPTER XIX 

CYANOGEN COMPOUNDS 


The cyanogen compounds include a group of substances 
derived from the monovalent radical - C = N. This 
radical is very similar in its behaviour to the monovalent 
halogen atoms; thus, 

Ch HCl KCl HOCl CH 3 CI 

CN HCN KCN HOCN CH 3 CN 

I 

CN 

Cyanogen, CoNo. N = C-Cee N 

Occurrence and Preparaiion . — This is normally present 
in the gases from blast furnaces and in crude coal gas. It is 
formed when ammonium oxalate is dehydrated by heating 
with phosphorus pentoxide: 

COONH, CONH3 CONHj C-^N 

1 = I •4-2H,0; ! = 14* 2H,0 

COONH, GONH, ‘ CONH, ' C EE N 

It can be prepared in the laboratory by heating dry mercuric 
cyanide to a dull red heat: 

Hg (CN), = Hg -f C,N, 

Properties and Reactions . — It is a colourless gas with a 
peculiar smell resembling that of bitter almonds. The gas 
bums with a bluish-red flame, forming carbon dioxide and 
nitrogen. It is intensely poisonous. It is soluble in alcohol 
and water. The watery solution, however, does not keep but 
decomposes with the formation of ammonium oxalate and a 
complex acid, azuhnic acid, which comes dowai as a brown 
precipitate. On passing cyanogen into potassium hydroxide 
solution, potassium cyanide and cyanate are formed, the 
reaction being similar to that with chlorine: 

r N, 4-2KOH = KCN4-KCN04-H,0; 

Cl, 4- 2KOH = KCl 4-KCIO 4- H ,0 
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On boiling with dilute acids, cyanogen is hydrolyzed into 
oxalic acid and ammonia; it is therefore also called 
oxalcntiirilc: 

CN COOH 

I -f 4 H ,0 =1 4-2 NH, 

CN COOH 

The conversion of - CN group into - COOH group by 
hydrolysis is an interesting reaction in organic chemistry 
(see nitriles, p. 239). 


Hydrocyanic Add, Prussic Acid^ HCN, H-C=z: N 

Occurrence . — This occurs in many plants as a cyano- 
genebc glucoside (see p. 233), and may be obtained by 
hydrolysis of the glucoside by a suitable enzyme or by 
dilute mineral acid. 

Preparation. — Dilute HCN can be prepared in the labo- 
ratory by distilling potassium cyanide or potassium ferro- 
cyanide with dilute (1:1) sulphuric acid in a retort. The 
retort is connected with a condenser and a receiver both of 
which are carefully cooled with ice-water, and the dilute 
HCN collects in the receiver. As HCN is extremely 
poisonous, the whole operation must be carried out inside 
an efficient fume cupboard. The reactions are as follow^s: 

2 KCN 4 - H,SO. == K.SO, 2 HCN 
2K,Fe(CN)«4-3H,SO, * 6 HCN -f 3K,SO, 4- K3FefFe{CN),] 

Potassium Potassium ferrous- 

ferrocyanide ferrocyanide 

To prepare anhydrous HCN, powdered KCN is distilled 
with a moderately dilute solution of H^SO^, the HCN gas 
is dried by passing through anhydrous CaCl^ and the HCN 
condensed to a li?|uid with the help of a freezing mixture. 

Properties, Uses and Reactions.- Prussic acid is a 
colourless liquid boiling at 26°, and solidifying at — 14°. It 
is a very weak acid and has a peculiar smell and burns with 
a violet flame. It is soluble in water, alcohol and ether but is 
insoluble in light petroleum. It is extremely poisonous, and 
its preparation should only be attempted in a fume chamber 
fitt^ with an exhaust fan. Poisoning by hydrocyanic acid 
is not uncommon and death is extremely rapid, the fatal dose 
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for an adult being only 0 06 gram of the acid (or 0*15 grain 
of KCN). ' The soluble salts are also extremely poisonous. 

Hydrocyanic acid is used as an insecticide for fumi- 
gating ships, carriages, ware-houses, etc., usually mxed with 
cyanogen chloride to render it less dangerous ^s the cyanogen 
chloride makes its presence felt by its irritating properties 
and so warns the workers of the presence of this poisonous 
gas. Hydrocyanic acid is used in medicine (2 to 5 drops) 
in a v^ry dilute solution, the B.P. acidum hydrocyanicum 
diluluvi containing about 2 per cent (w/w) of HCN. 
Another preparation used in medicine is cherry laurel water 
or aqua lauroccrasi, which contains about O'l per cent of 
HCN. 

On hydrolysis with hydrochloric acid, hrst formamide 
and then formic acid and ammonium chloride are formed; 
hydrocyanic acid is therefore the nitrile of formic acid or 
formonitrilc: 

HCN-hH ,0 = H.CO.NH,;H.CO.NH,-f H ,0 + HC 1 = H.COOH+ NH,C1 
With most aldehydes and ketones, it combines direct forming 
cyanh3^drins which yield hj'droxy acids on hydrolysis. 

CH,.CHO + HCN-^-CH^.CH (OH) CN CH,CH (OH).COOH 
Acetaldehyde Ethylidene cyanhydrin Lactic Acid 

As regards the structure of HCN, the pure anhydrous acid is 
stated to be an equilibrium mixture of two tautomeric forms, 
and at ordinary' temperatures the nitrile structure is known 
to predominate. 

H — C=N 4: IT — N = C 
Nitrile structure Iso-nitrile structure 

(Hydrocyanic acid,) (Iso-hydrocyanic acid) 

The structure of isohydrocyanic form is also shown as 
H - 'N C (vide electronic formulae in^p. 42). 

Testr, for HCN and Cyanides . — 

(i) The solution is made slightly alkaline with 2 or 3 drops of 
5^0 caustic soda and treated wdth a few drops of freshly prepared 5% 
solution of ferrous sulphate and i or 2 drops of 3% ferric chloride 
solution. The mixture is then allowed to stand for 2 minutes, gently 
heated and acidified with HCl. Sufficient HCl only is used to clear 
the liquid — there should not be a great excess of acid. There is either 
a greenish -blue colour or a precipitate of Prussian blue (Prussian 
blue reaction,). Traces of cyanide may show only after 15-30 mts., 



238 


ORGANIC AND TOXICOLOGICAL CHEMISTRY 


but on standing overnight a blue precipitate settles out. Too much 
HCl retards the fonnation of Prussian blue which disselves in cone. 
HCJ giving a yellow colour. (See Toxicology. Chapt. 34!). 

(2) The Elution is heated with 10-15 drops oi yellow ammonium 
sulphide for 15 minuter on tile water bath. Acidify with dilute 
HNO3. Filter through double filter paper till tlie filtrate is clear. To 
the filtrate ferric alum solution is then added drop by drop until the 
blood-red colour of ferric sulphocyanide is obtained. 

Both these tests are very delicate and can be used for testing 
minute quantities of HCN obtained by acidification and distillation 
from fcKxlstuffs or viscera or any substance suspected to contain 
cyanides. For further tests, see pp. 462-465. 

Cyanides. — The cyanides, t.e., salts of HCN, of the 
alkali metals and alkali earth metals are soluble in water; 
their aqueous solutions are alkaline in reaction owing to 
hydrolysis. The cyanides of the hea\y metals, with the 
exception of mercuric cyanide, are insoluble in water. The 
alkali cyanides are all strong poisons. 

Potassium Cyanide, KCN 

Preparadon. — This can be prepared in the laboratory 
by strongly heating potassium fcrrocyanide in the absence of 
air. A better yield is obtained by fusing potassium ferro- 
cyanide with potassium carbonate: 

K.FefCN), = 4KCN -h FeC, + N, 

K,Fe(CN), -h K,CO, = 5KCN + KCNO -f Fe + CO, 

The KCN can be isolated by extracting the residue with hot 
dilute alcohol and recrystallizing. 

Properties and Uses , — Potassium cyanide crystallizes 
from water in colourless plates. It is readily soluble in 
water and deliquesces in air but is very little soluble in 
absolute alcohol. It is strongly alkaline in reaction due to 
hydrolytic dissociation, and is extremely poisojwus. It melts 
at a dull red heat and volatilizes without decomposition at a 
high temperature. It is used in electroplating and in the 
extraction of gold. In organic chemistry the chief use of 
potassium cyanide is in the preparation of nitriles and other 
cyanogen compounds. 

KCN; in the presence of moisture, is decomposed by 
CO3 of air with the formation of KoCO- and liberation of 
HCN: 


2KCN 4- CO, '+ H ,0 X. K,CO, + 2HCN, 
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The free HCN liberated in the above reaction also 
hydrolyzes slowly to ammonium formate in the presence of 
moisture. 

Potassium Cyanatc, KCNO. — This is prepared Dy 
melting KCN with litharge PbO. The mass is extracted 
with water and recrystallized from dilute alcohol. It is a 
stable salt and crystallizes in colourless plates readily soluble 
iu water and is insoluble in absolute alcohol. The aminojiium 
cyanate^ which is formed by the double decomposition of 
potassium cyanate and ammonium sulphate, is readily trans- 
formed into urea (see urea) : 

2 KCNO + (NHJ,Sa, = 2 NH,CNO-f-K,SO,;NH,CNO = CO(NHJ, 

Mercury Fulminate^ ^ NO)., a compound obtained by 

adding alcohol to a solution of mercury in strong nitric acid. It 
explodes on percussion and is therefore used in making percussion 
caps and as a detonator. It is an isomer of mercury cyanate. 

Double Cyanides. — When a solution of KCN is gradually added 
to a solution of AgNO^, there is at first a precipitate of AgCN which 
dissolves with further addition of KCN forming a double cyanide 
AgCN. KCN. Similar double cyanides are formed with gold and 
some other metals. 

Alkyl Cyanides, Nitriles, R.C = N 

These can be prepared (T) by heating an alkyl iodide 
with potassium cyanide in alcoholic solution: 

CH 3 I -h KCN = CH,CN + KI 
(2) by heating an alkyl sulphate with KCN: 

C,H,.SO,K -f KCN = C.H^CN -f K,SO,; 

or (3) by distilling an acid amide with a dehydrating agent 
like phosphorus pentoxide: 

CH,.C0.NH3 = CH^CN + H,0. 

The nitriles are usually colourless liquids or solids with 
an ethereal smell. When hydrolyzed they take up two 
molecules of water and yield ammonium salt of the corres- 
ponding acid. 

As CH3.CN is hydrolyzed to acetic acid it is called 
acetonitrile. HCN is hydrolyzed to formic acid and HCN 
is therefore known as formonitrile. Similarly, NC-CN is 
otfcalonitrile, CH3.CH(OH) .CN is lactonitrilfe, and so on. 
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Thus the hydrolysis of nitrile to carboxylic acid is of con- 
siderable importance in synthetic chemistry, 

CH,.CN 4- 2 H ,0 = CH,.COOH + NH, - CH^.COONH,. 

By' reduction ^^dth sodium and alcohol the nitriles yield 
primaiy^ amines: 

CH,CN + 4H = CH,.CH,.NH, 

Alkyl-isocyanidcs, Isoniiriles^ Carbylaniincs, R - N:= C 

These are isomeric with the nitriles, but the alkyl group 
is attached to nitrogen. They may be prepared (i) by 
heating an alkyl iodide with silver cyanide: 

CH,I + AgCN - CH,.NC 4 - Agl 
(2) by heating chloroform with a mixture of a primary 
amine and alcoholic potassium hydroxide, 

4 CHCI, 4 3KOH = C,H, NC 4 i\KC\ 4 3H.O 
The second reaction clearly elucidates the structure of the 
i‘;onitriles 

The isonitriles are colourless liquids with a very dis- 
agreeable odour. On hydrolysis they yield formic acid and 
primary amines: 

CH,.NC 4 2H3O = CH,.NH, 4 H,COOH 

Complex Cyanides.— These are really the metallic salts of com- 
plex acids, hydroferrocyasic acid II,Fe(CN), and hydroferricyanic 
acid H,Fe (CN),. The most imjKudant are the potassium salts des- 
cribed below. These compounds are not }X)isonous and on treatment 
with acids in the cold they do not evolve hydrocyanic acid ; the 
alkali metal is substituted by hydrogen yielding the complex acid : 
K,Fe(CN), 4 4HCI = H.Fe(CN), 4 4HCT 

The hydroferrocyaiyc acid and hydroferricyanic acid are strong 
acids but they are not found in the free state. They conUiin the 
acid radicle or negativ-e ion Fe(CN)^. Their salts are stable. The Zn, 
Ca and Ferric salts of hydroferrocyanic acid are insoluble in water 
while K and Na salts are soluble. 

Potasshim Fctrocyanide, Yellow Prtissiaic of Potash, 

K,Fe(CN),.3H,0. 

This can be prepared by fusing togyher some scrap 
iron, nitrogenous animal refuse (horn shavings, hoofs, dried 
blood, hair, etc,), and crude potassium carbonate. The 
fused mass ft extracted with water, filtered and concen- 
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trated, when the salt crystallizes as large lemon-yellow 
prisms with 3 molecules of water. 

Most of the potassium ferrocyanide on the market is 
now prepared as a bye-product from the gas works and coke 
ovens. The hydrocyanic acid present is taken up in the iron 
oxide purifiers with the formation of ferric ferrocyanide; 
this is treated with hot milk of lime forming a soluble calcium 
ferrocyanide which is then converted into potassium ferro- 
cyanide by potassium carbonate. 

Potassium ferrocyanide is readily soluble in water and 
is not poisonous. If chlorine gas is passed through a solu- 
tion of potassium ferrocyanide it is oxidized to potassium 
ferricyanide. It is used in the preparation of cyanogen 
compounds, in calico printing, and a reagent. When 
warmed with cone. H^SO, is gives CO but when boiled 
with dilute H^SO^, HCN is formed: 

(1) K\Fe(CK), 4- 6 H.O (from crystals) + 6 H.SO, = 2K,SO. 
^ FeSO, -f 3 (NHJ,S 0 , -h' 6CO 

(2) 2K,Fe(CN), 4- 3H,S0, = 6HCN + K,Fe''[Fe(CN).] 

-f 3K,S0, 

FeCl3 gives a precipitate of ferric ferrocyanide, 
3KJ^e(CN:u -f ^FeCl, = Fe, [Fe(CN) 4 - 12 KCl. 

Potassium Ferricyanide, Red Prussiate of Potash, 

K,Fe(CN), 

This is prepared by passing chlorine gas into a solution 
of potassium ferrocyanide. The salt is purified by crys- 
tallization from water: 

2K,Fe(CN,), 4- Cl = 2K,Fe(CN). 4- 2KCI. 

Potassium ferricyanide is a dark-red crystalline subs- 
tance. soluble in water. In alkaline solution it acts as a 
mild oxidizing substance, potassium ferrocyanide being 
reformed. It is used as a common laboratory reagent 
2K,Fe(CN)e 4 - 2KOH = 2K,Fe(CN), 4- O + H ,0 

Sodium Nitroprusside, Na3Fe(CN)3.N0.2H,0 

This is prepared by treating potassium ferrocyanide with strong 
nitric acid and then adding s(^ium carbonate to neutralize it. It 
crystallizes in ruby-red prisms soluble jn water and i# a useful reagent 
in organic analysis. With an alkaline solution of a sulphide, a freshly 
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prepared solution of sodium nitroprusside gives a purple colour — this 
IS a very delicate test for sulphides. 

Cyanic Acid HCNO 

Cyanic acid is a tautomeric substance and is represented by either 
of the two formulas, HO — C or H — Nz:::.C=r<T and the 

derivatives axe, therefore, known as cyanates and isocynates. It is 
a colourless liquid unstable above o^C. At temperatures above o*. 
the liquid polymerizes to cyanuric acid (CNOH), which on heating 
is depolymerized to cyanic acid and then decomposes into NH, and 
COj, Fuhntnic acid C ; N.OH is an isomer of cyanic acid. 

Potassium Thiocyanate, Potassiutn Sulphocyanate, Potassi^^m 
Sulphocyamde, KCNS. 

Traces of soluble thiocyanates occur normally in saliva and in milk 
and is also excreted in urine. Potassium thiocyanate is prepared by 
fusing potassium ferrocyanide with sulphur and potassium carbonate 
The mass is extracted with hot alcohol and filtered; on cooling, 
potassium thiocyanate separates as colourle^ crystals easily soluble 
in water. It gives a blood-red colour wdth ferric salts in faintly 
acid solutions, forming ferric ttiio or sulphocyanate. This is a very 
delicate test for ferric salts. 

Ammonium Thiocyanate, NH,CNS 

It is prepared by treating CS, with NH, : 

CS, -f 2NH, = NH.CNS + H,0 

Mercuric thiocyante, Hg(CNS)3: It is obtained by adding 

HgCl, to a solution of KCNS. as a greyish amorphous precipitate. It 
is moulded into pellets and then dried which when ignited form 
voluminous, curled up snake-like tubes of ash popularly known as 
''Phaxaoh^s serpents.' 

Alkyl Thiocyanates, R— S — C = N 

Ethyl Thiocyanate, C^H^SCN. Prepared by distilling potassium 
thiocyanate with ethyl sulphate. This is a colourlese liquid witli a 
leek-hke odour, b.p. 142° ; almost insoluble in water. 

Alkyl Isothiocyanates, Mustard Oils, R.N:C:S 

ADyl Isothiocyanate, Oi7, CH, : CH.CH,.N : C : S; This 

is an allyl ester of iso-thiocyanic acid, found in black mustard seeds 
{RcU) and also in rape seeds as a glucoside known as sinigrin from 
which it can be obtained by hydrolysis (see sinigrin). It can be 
synthesized by the action of allyl iodide upon potassium thiocyanate; 
the allyl thiocyanate first formed is changed into the isothiocyanate 
on distillation. It is a liquid with a pungent smell and lachrymatory 
property, b.p. 151'’, and when applied to the skin forms painful 
blisters. The characteristic smell of ordinary edible mustard oil 
(fixed oil used in Bengal for cooking purposes) is due to the presence 
ol allyl isothiocyanate. 



CVANOGEN COMPOUNDS 


243 


Cyanamide, N I C.NH,. 

Its calcium derivative, calcium cyanamide CaCN, or Ca:N.C • N 
is important as an artificial fertilizer. In the soil, calcium cyanamide 
in the presence of CO, is converted by bacterial action into ammo- 
nium carbonate through the intermediate stage of urea. It is manu- 
factured by passing nitrogen through calcium carbide at a very high 
temperature: CaC, -f = CaCN^ 4* C. When treated with steam, 
it is decomposed into ammonia and calcium carbonate and is thus a 
source of synthetic ammonia. The fact that calcium cyanamide 
forms urea [0.:N.C i N -f CO, 4- H,0 = CO(NH2)3,+ CaCOj] is 
interesting. When treated with ammonia it forms guanidine (see), a 
decomposition product of proteins. 



CHAPTER XX 

THE AMINES 


These compounds may be considered to be derived from 
ammonia by the substitution of one or more hydrogen atoms 
by -aJkyl groups. According as to whether one, two or three 
hydrogen atoms are substituted by alkyl groups, primary-, 
secondary- or tertiary-amines are obtained. Thus a primary 
ami fie possesses the monovalent amino group — NH^, 
attached to one carbon atom, a secondary amine possesses 
the divalent imino group = NH, attached to two different 
carbon atoms, and a tertiary amine would be one in which 
all the hydrogen atoms of ammonia are replaced by alkyl 
groups (~N). The four hydrogen atoms of ammonium 
hydroxide may also be substituted by alkyl groups giving a 
t€tra alkyl ammonium hydroxide or quaternary ammonium 
hydroxide, e.g., 

/H /CH, /CH. /CH, 

N— H N— H N— CH. N— CH.HO— N <ch' 

\h \n \h \ch, \ch! 

The H atoms of NHj may be replaced either by the same 
alkyl groups giving simple amines, or by different alkyl 
groups giving mixed amines. 

Occurrence of Amines. — The simpler amines have 
been prepared synthetically, but many have been found in the 
animal and vegetable kingdom. Some of them possess strong 
physiological action and are of great biochemical importance. 

Synthetic Methods of Preparing Amines. 

(i) When an alkyl iodide is heated with alcoholic 
ammonia in a sealed tube, the H atoms of ammonia are 
gradually replaced by alkyl groups, giving primary, secondary 
and tertiary amines: 

laj NH, + C,H,I =NH,.C,H,.HI 

IdJ NH,.C,H, -h C,H,I - C,H,.NH.C,H,.HI 

fcj C,H,.NH.C,H, ^ 

(d) (C,H,),N + C,H,1 - (C,H,),N,I 
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As this methbd gives a mixture of amines, it is not suitable 
for the preparation of one pure amine. The free bases can 
be liberated by distilling the mixture with dilute caustic soda 
and only a partial separation can be effected by fractional 
distillation, 

(2) Hofmann's Method . — By the action. of bromine and 
caustic potash upon the amide of the monocarboxylic acids 
containing one carbon atom more than the amine. The 
bromamide first formed is converted by intramolecular 
change into an isocyanate, which then breaks up into the 
amine: 

CIf,.rO.NH., -f- Br. - CH,.CO.NHBr -f HBr 

CH,.CO.NHBc + KOH = CH,N:CO -f KBr -f- H,0 

CH,.N:CO -f 2 KOH = CH,.NH, -h KXO, 

(3) By the reduction of an alkyl cyanide with sodium 
and alcohol, a primary amine is obtained: 

CH^CN -f 4 H = CH,.CH,.NH, 

Methyl cyanide Ethylamine 

(4) By the reduction of a nitroparaffin with tin and 
HCl, a primaiy' amine is obtained: 

CH,.CH,,NO, -f 3 H, = CH,.CH,.NH, + 2H,0 

Nitroetlh'ine Ethylamine 

(5) By the breaking down of amino acids by heat or 
by bacfhrial action; this may be described as a process of 
decarboxylation : 

R.CH(NHj.COOH = R.CH.NH, -f CO, 

« 

This biological method of formation of amines is very 
important. Normally, proteins are broken down into amino 
acids in the intestinal canal. Bacteria acting on these amino 
acids carry the degradation process further forming amines. 
Many amines so formed have a marked physiological action; 
histamine (/^-iminazole ethylamine), derived from the amino 
acid histidine (a-amino- /?-iminazole propionic acid) is one 
of them (see p. 248). 

General Properties of the AlkylaitAies, — The 

lower members are gases with an ammoniacal smell; these 
are all soluble in water but insoluble in ether or chloroform. 
The higher members are liquids or solids and their solubility 
in water gradually decreases with increase in molecular 
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weight. Like ammonia, they are strong hoses and unite 
with acids to form salts soluble in water; these salts are 
however soluble in alcohol, a property which distinguishes 
them from ammonium salts. With many alkaloidal reagents 
they give a precipitate, and this should be borne in mind 
when amines have to be distinguished from alkaloids. 
Unlike ammonia they are combustible. 

Isolation of Naturally Occurring Amines. — Sulphuric acid is 
added to the solution to make a concentration of 5 per cent; a con* 
centrated solution of pure phosphotungstic acid containing 5 per cent 
sulphuric acid is then added until there is no more precipitation. The 
precipitate, which contains all the water-soluble nitrogenous bases 
together with water-soluble proteins, etc., is filtered over a pump and 
washed with 5 per cent sulphuric acid. It is then treated with a 
mixture of 3 volumes of acetone and 4 volumes of water, which 
dissolves out the phosphotungstates of the bases, and filtered. The 
bases are then liberated by a saturated solution of barium hydroxide 
and filtered. The excess of barium is removed from the filtrate by 
passing CO, and the filtrate evaporated in vacuum. The amine or 
mixture of amines is then purified by .special methods. 

Differentiation of primary, secondary and tertiary amines. 

(l) By Nitrous acid — 

(a) The primary amines react with HNOj and yield 
the corresponding alcohol with evolution of nitrogen (marked 
effervescence) : 

CH,NH, -f OH. NO = CH,.OH 4- N, -h H ,0 

C/., H.NH, '+ OH. NO = H.OH -f N^ + H ,0 

(b) The secondary amines give nitrosamines which are 
yellow oily liquids, volatile is steam. No effervescence. 

(CHJjNH + OH.NO = (CHJ,.N.NO -f H ,0 

The nitrosamines are converted into the secondary 
amines by boiling with cone. HCl: 

(CH,),N.NO -f 2HCI = (CHJ^NH.HCl -f NOCl 

(c) The tertiary amines do not react with HNOj^ 

{2) By Isocyanide or Carbylamine rcacAion: 

(a) Primary amines, treated with a drop of CHClj 
and ^coholic potash and heated, form an alkyl (or phenyl) 
isocyanide with a characteristic disagreeable smell: 

CH,NH, -f CHCl. + 3KOH = CH,NC 4- 3KCI 4 - 2H,0 
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(h) S^cotidary ^nd tertiary amines , do not form iso- 
cyanides. , 

(3) By Acid chlorides and anhydrides: 

They combine with primary and secondary amines to 
form amides, but have got no action on the tertiary amines. 

CH^COCl -f CH,.NH, = CH,.CO.NH.CH, + HCl 
Methyl acetamide 

CH.COC] + (CH,),NH = CH,.CON(CH,), -f HCl 
Dimethyl acetamide 

(CH.CQkO + = 2(C^.H,hN.CO.CH, + H ,0 

Diethyl acetamide 

(4) By Benzene sulphonic chloride- 

(a) The primaiy’ amines react with benzene sulphonic 
chloride and yield compounds such as CgH5.SO2.NHR which 
dissolve in aqueous alkalies. 

(b) The secondary amines yield compounds of the type 
of C^H,S02.NR2 which are also soluble in alkalies. 

(c) The tertiary amines do not react at all. 

Methylamine, — This occurs naturally in bone oil and 

in herring brine. It is a colourless gas, b.p. — 67®, with an ammo- 
niacal odour and ‘s very easily soluble in water; it is combustible in 
air thus being easily distinguished from ammonia. With acids it 
forms salts that are soluble in alcohol; like alkaloids, the halogen salt 
CHjNHj.HCl forms complex platinic chlorides, (CHjNHJj.HjPtClg, 
and auri-chlorides, CH,NH,.HAuCh; these salts may be used for 
the detection of the amines. 

EHethylamine, (C2HJ.NH. — This can be prepared by the action 
of alcoholic ammonia on ethyl iodide. It is a colourless liquid, b.p. 
36^. and is easily soluble in water; it is a stronger base than methyl- 
amine and forms salts with acids; it also gives complex platinic 
chlorides and auri-chlorides. With nitrous acid, it gives the nitro- 
samine (C^HJ^N.NO. It does not give the carbylamine reaction. 

Trimethylamine, (CH,)3N. — This is found naturally in herring 
brine; it is also obtained by distillation of vinasses (residue from beet 
sugar manufacturej. It is a gas with a fishy ammoniacal odour, 
^•P- 3’5'- It is a strong base forming salts; it does not give the 
oarbyiamine reaction, nor does it react with nitrous acid. 

Some Amines of Physiological Importance. 

Cadaverine, Peniarneihylenediamine, 
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This diamififf, together with putrescirte (tetramethylenediamine) 
has been found in putrid meat. xWse and other bases are sometimoe 
known as ptomaines. Cadaverine can be prepared by the decarboxyla- 
tion of the amino acid lysine, NH5(CH^)4.CH(NH,).C00H. It is 
a licjuid with an odour of semen, b.p. 178“ ; it is a strong base ; the 
platinic chloride forms orange coloured prisms 


yChl = N 

Histamine, ^-Immazole-ethylamine, NH , I 

\CH = C — CH,.CH,.NH, 

This amine is derived from the amino acid histidine by decarb- 
oxyJation. It is one of the active principles of ergot. It produces 
temporar>' rise of blood pressure followed by dilatation of capillaries 
resulting in fall of bkx>d pressure. It is also formed in damaged 
tissues producing surgical shock after operation. The formation of 
weals on the skin is believed to l>e caused by histamine produced in 
this tissue when injured. It is known to stimulate the gastric secre- 
tion. Histamine is also formed in putrid meat. 

It causes a marked contraction on the isolated uterus even in a 
dilution of i in 25,ooo,oofc>. It forms colourless needles, m.p. 84“, 
easily soluble in water but not in ether. On warming with bromine- 
water, it gives a claret colouration (Knoop's Reaction); this reaction 
is also given by histidine. 

Tyramine, p-Hydroxyphenylethylamine , C^Hj^NO. — This is found 
in putrid meat, in cheese and in ergot; it can be prepared by heating; 
tyrosine, the corresponding amino acid found in proteins: 

HO.C.H^.CH,.CH(NH,).COOH = HO.C,H,.CH,.CH, NH, 4- CO, . 

Tyrosine Tyramine 

Tyrosine is heated under reduced pressure to about 260'’; the tyramine 
formed is extracted with hot xylene from which it crystallizes out 
It forms colourless plates, m.p. 161®. It is soluble in water, hot 
alcohol, and in hot xylene. It has a marked physiological action and 
increases blood pressure when injected intravenously. It produces 
toxic symptoms when absorbed from the intestine in constipation. 

Adrenaline, Suprarenin, Epinephrm, y.^-Dxoxyphenyl-ethanol- 
tnethylamine, 

OH 


CH(OH).CH,NH.CH, 

This is the physiological active principle of the suprarenal gland 
which, even in nigh dilution, causes a rise of blood pressure when 
injected. 

Preparation. 

(i) From suprarenal glands . — The minced glands are extracted 
with absolute alcohol containing some trichloracetic acid. The filtered 
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extract is evaporated to a small bulk and filtered. On adding ammo- 
nia to the filtrate the base is precipitated ; it is washed with alcohol 
and ether and dried. The compound obtained from this natural 
source is l^evorotatory or 1-^renaline. 

(25 Synthetic process . — Catechol is condensed with chloracetyl- 
chloride and the chloroacetylcatechol formed is treated with methyl- 
amine: the adrenalone thus obtained is reduced with aluminiunl 

amalgam when racemic adrenaline or dl-adrenaline is obtained; the 
laevorotator\' compound is obtained by fractional crystallization of 
the salt w’ith d-tartaric acid: 

(OH), :C,H, (OH), :C,H,.CO.CHXI 

Catechol Cl.COCHjCI Chloroacetyl catechol CH^.NHj 

C b loroacetylchloride 

iOlY), :C,H^CO.CH,NH.CH, >-(OH), : CeH,.CH(OH).CH,.NH.CH, 

Adrenalone Adrenaline. 

Properties and Use . — Adrenaline forms colourless crystals, m.p. 
212". The base is only slightly soluble in water or alcohol. The 
hydrochloride of the lievorotatory^ base is easily soluble in water and. 
shows the rotation, [a]p^ (0-12 per cent in w^ated. Tbe 

laevo compound is alxiut 12 times as active physiologically ais thj6 
dextro compound, and about twdce as active as the dl-compound. 
The hydrochloride of the laevo base when injected produces a rise of 
blood pressure, ^^’hen applied locally to mucous surface it arrests 
bleeding by constricting the capillaries. It is used in medicine for the 
treatment of shock, certain forms of heart disease, asthma, hay 
fever, etc. 


Ephedrinct a-^y^f'Oxy~^->r2ethylamino propyl benzene, CigHj^NO 


^ ^ CH (OH) .CH 


^NH.CH, 


This base is similar to adrenaline in physiological action, but . is 
found only in the vegetable kingdom. It has been isolate^ fronai 
several species of Ephedra growing in China and India (Ephedra^ 
vulgaris Rich., Ephedra intermedia Schrenk, etc.). Its presence 
Suia cordtfolta Linn., a drug used in Ayurvedic medicine, has been 
established by Ghosh and Dutt. The green twigs of Ephedra may 
contain from i to 2 per cent of total alkaloids, of which more than, 
half consists of epheclrine. 


Preparation of Ephedrine . — Coarsely powdered dry green twigs 
are thoroughly extracted with rectified spirit in a percolator at room 
temperature. The alcohol is recovered and the semisolid residue is 
extracted with i per cent HCl. The aqueous extract is filtered, made 
alkaline with ammonia and the alkaloids extracted wdth chloroform.. 
The chloroform extract is dried wdth anhydrous sodium sulphate amd 
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tl)e chloroform rocovered. The residue is dissaved in alcohol, 
Beutralizeii with alcoholic HCl and evaporated to dryness. The residue 
is extracted repeatedly with boiling chloroform and filtered; ephed- 
rine hydrochloride t>eing insoluble in chloroform remains behind in 
the residue, and it is further purified by recrystallization from alcohol. 

Properties and Vse — The base forms colourless crystals, m.p. 43®; 
It is soluble in water, alcohol, chloroform and ether; [a]p^ I 4 * 95 * 

(2 per cent in water). — 5 08'’ (3 per cent in absolute alcohol). 
The kydrochlorxde forms colourless needles, m.p. 216*', easily soluble 
in water and alcohol; = — 34“ (5 percent in waterO; ephedrine 

hydrochloride resembles adrenaline in its action but is more prolonged. 
It is used as a cardiac stimulant and in relieving attacks of asthma. 

Choline, Trvmethyl- -hydro.xyt thyl-ammonium hydroxide, 
yOH 
(CH,),N;^^ 

^CH.CHpH 

Av mentioned before, it is a constituent of the lipoid, lecithin, 
occurring in egg-volk, in brain and in other anmal tissues. It is 
found free in semen in quite a large amount (o-5i%). It is also 
found in various plants. 

It is .synthetically prepared by the action of trimethylamine on 
ethylene oxide. 

CH,v 

I -f H ,0 + N(CH,), - CHJOH).CH,.N(CHJ,.OH 

CH,/ 

It is a hygroscopic liquid, strongly alkaline in reaction and easily 
soluble in water and aJcohol but insoluble in ether. The double 
compound with HgClj forms colourless needles, m.p. 244“. Od 
heating, choline decomposes into trimethylamine and glycol. 

With strong solution of iodine in KI choline gives monoclinic 
prism« of choline periodide (hexaiodide) which forms the basis of 
Florence test for detection of seminal stains on garments, etc.. In 
medico legal investigation. The cry'.stals are dark brown and look 
like hsemin crystals. 

Carbamylcholine chloride or Carbachcl (B.P,) is used for urinary 
retention, paroxysmal tachycardia and hypertension. 

/OH 

Acetyl Choline, (CH,),N v 

^CH,.CH,O.CO.CH. 

This is found in ergot, possesses a marked physiological action,, 
and is used in pharmacological experiments* 



CHAPTER XXI 

DERIVATIVES OF CARBONIC ACID 


Urethanes, Guanidines, Urea, Ureides, and Purines. 


Carbonic add H.COj is unstable and is not known in 
the free state. It behaves as a weak dibasic acid. Its esters, 
acid chlorides, amides, like the metallic carbonates, are all 
stable compounds. 

Esters and Chlorides of Carbonic Acid. 


Carbonic Acid, 0—C', 


.OH 


^OH 


yOK yOAg 

Metallic Carbonates: O = Cy , O = 

^OK ^OAg 

Ethyl Carbonate, 0 -C • colourless liquid, b.p. 126“, 

formr^d by the actioD of ethyl iodide upon silver carbonate. 


Carbonyl Chloride, Phc'spcne O 


C 


/ 

\ 


Cl 

Cl 


It is an acid chloride of carbonic acid formed during the decom- 
txTsition of chloroform ; prepared on a large scale by passing CO and 
CJ. through heated charcoal; a colourless gas with a suffocating smell, 
used as a poison gas during the first Great War. It is used in the- 
synthesis of various compounds. 

Ethyl chloro"fonnate,.0 ~ C ; produced by the actioin 

of COCI 3 on ethyl alcohol (see chloroform) ; used as a reagent for 
introducing the ester group— COOC^H^ into organic compounds. 


Amides of Carbonic Add. 

When the OH groups of carbonic acid are gradually 
replaced by NH^ groups, we first get caTbamic acid 
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.OH 

0 = C\ , and finally carbamide or urea 0 = , The 

alkyl esters of carbamic acid are knovvn as urethanes. 
Urethane, Ethyl urethane, Ethyl carbamate. 

This is obtained by the action of ammonia on ethyl chloroformatc : 
Cl NH, 

I ’ 

O-C— 0.C,H,^-2NH, = 0 -.C— O.C,H,-fNH,Cl. 

Urethane is a colourless crystalline solid, m p. 50°, easily soluble in 
water. It distils without decomposition at 184'^, but is easily de- 
composed by NaOH. It is used as a hypnotic for children and for 
-experimental animals in pharmacological work. 

Hedonai, Methyl propylcarbinol urethane, 

NH,.CO.O.CH(CH,).CH,.CH,.CH, 

This is stated to possess a stronger hypnotic action than ethyl 
'Urethane, 

NH, 

Urea, Carbamide, 0 = C\ 

Urea was discovered in 1773 by Rouelle. U was first 
-synthesized by Wohler in 1828 by evaporating an aqueous 
solution of ammonium cyanate. This epoch-making dis- 
covery of Wohler clearly demonstrated that organic com- 
pounds, identical in every vsay with those found in the animal 
organs, could be synthesized in the laboratory. 

Occurrence. — Urea is found normally in the urine 
(i'5 — 2'5 per cent), in the blood (0015 — 0*03 per cent), and 
in saliva (0*010— 0 03 per cent); it is as urea that the greater 
part of the nitrogen is excreted (about 85 per cent of the 
total nitrogen) from the human system through the kidney. 
The average daily excretion of urea for an adult human 
being is 20-30 grams. In milk it may occur from 0*015 to 
003 per cent. The blood of shark and dogfish contains as 
much as 17 per cent. It is fairly rich in many moulds and 
fungi. The urine of tiger contains 6*9 per cent, cat 2*2 per 
cent and rat 4*5 per cent. 

Synthesis of Urea. — (i) By the action of ammonia on 
carbonyl chloride: 

COCl,-f4NH, = CO(NH,),4-2 NH,Ci 
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(2) W'dhlcr’s Method. — The calculated quantities of 
potassium cyanate and ammonium sulphate are dissolved ia 
water and evaporated to dryness on the water bath. The 
urea formed is extracted from the residue with hot alcohol 
and filtered. On concentrating the alcoholic filtrate and 
cooling, the urea crystallizes out. It can be purified by 
recrystallization from hot alcohol. The ammonium cyanate 
which is formed by double decomposition is converted into- 
urea by molecular rearrangement: 


2KCNO + (NHJ.SO, = 2NH,CN0 -f K,SO^ ; 

NH, 

NH, _ c “ N — O O = c( 

\nh. 


Structure of l:rea . — The formation of urea from carbonyl chlo- 
ride and ammonia also the action of HNOj on urea agrees witb 
the (i) simple carbamide formula CO(NH2)2 for urea. The simple- 
explanation of the reactions in Wohler's synthesis as well as the 
carbamide formula suggested by him have, however, been disputed, 
Werner thinks that normal urea has the cyclic structure, 


(2O HN 



in neutral solution, but in acid or alkaline 


OH 


solution it has the structure (3) HN 



NH2 


Preparation oj Urea, (i) From Urine . — Take some 
urine (500 c.c.) and evaporate down on the water bath to 
one-fifth of its bulk (100 c.c.). Allow to cool and add about 
the same amount (100 c.c.) of cone. HNO3 gradually and 
w’ith constant stirring, keeping the solution cool; the nitric 
acid precipitates the urea as crystalline urea nitrate 
C0(NH2)2-HN03. Filter off these crystals through glass 
wool, then make them into a paste with alcohol and treat 
this with barium carbonate until evolution of CO^ ceases. 
The mixture is then dried on the water bath and the urea 
extracted with hot alcohol. The alcoholic extract is boiled 
with some animal charcoal to decolorize it and filtered; the 
filtrate is concentrated on the water bath and on cooling,, 
urea separates out; it is purified further by recrystallizatiort 
from hot alcohol. 
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(2) On a large scale, urea is prepared for its use as 
fertilizer by the action of liquid carbon dioxide upon liquid 
ammonia under pressure. 

Prof)Crtics and Reactions. — Urea crystallizes in long 
colourless prisms, m.p. 132'^. It is easily soluble in water, 
methyl alcohol and glycerol, fairly soluble in alcohol and 
acetone but insoluble in ether, chloroform and benzene. It 
is neutral in reaction but acts as a weak base forming 
ciy'stalline salts with strong acids like nitric acid, 
COCNHJ^.HNO^, and oxalic acid, [CO(NH.) J,. 

C,HA. 

Urea melts at 132 and when heated to about 155 it 
evolves ammonia and forms the compound known as biuret: 

2 NH,.C 0 .NH, = NH3.CO.NH.CO.NH, + NH, 

Biuret 

The biuret found in the melted mass can be extracted with 
water; it crystallizes from water in needles, m.p. 193^ A 
solution of biuret made alkaline with a dilute solution of 
NaOH gives a violet colour with a dilute solution of copper 
sulphate. This is known as the biuret reaction and is given 
by compounds having at least two — CO — NH — groups 
in the molecule; it is thus given by proteins. When heated 
further (about 170O, urea forms cyanuric acid and 
ammonia: 

3 C 0 {NH,), =3 H3C.N, O, + 3NH, 

Cyanuric acid 

Urea is decomposed by nitrous acid with the evolution 
of nitrogen and carbon dioxide: 

C0(NH3), -f 2HNO, = 2N, + CO -f 3H,0. 

A solution of sodium hypochlorite or hy^pobromite 
also decomposes urea into carbon dioxide and nitrogen. 
The usual method of estimation of urea is based upon this 
reaction: 

CO(NHJ, 3NaOBr =3 CO, -f N, + sNaBr 4- 2 H, 0 . 

Urea reacts with xanthydral HO.CH 0 

\c,h7 
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in presence of an acid like acetic acid giving an insoluble 
crystalline compound dixanthyl urea 

CO :(NH.CH( )0),. 

H / 

This reaction is very delicate and is used in micro-detectioa 
and micro-estimation of urea. 

Urease, a specific enzyme for urea found in soya beans 
(seeds of Soya fuspida Mnch.)^ Arhar dal {Cajanus 
indiciis)y and in other seeds and in certain bacteria (Micro- 
coccus ureae) hydrolyzes urea to ammonia and carbon 
dioxide: 

CO(NH,), -h H ,0 = 2NH3 -f CO,: 

this reaction is utilized in detection as well as in the estima- 
tion of urea (see later). The strong smell of ammonia in 
public latrines is due to this reaction — hydrolysis of urea 
by urease from bacteria. 

With mercuric nitrate, urea gives a curdy white ppt. 
of a • basic compound of mercuric nitrate and urea, 
[CO(NH 2 ) 2 ] 2 .Hg(N 03 ) 2 . 3 HgO. This reaction is also a 
delicate test for urea. 

Estitnation of Urea. — This is important for testing 
renal efficiency and in other biochemical problems. The 
hypobromite method is simple and rapid and 
is commonly used for the urine. The urease 
method gives accurate results and is used in 
estimating small quantities of urea, such as 
that found in blood, cerebrospinal fluid, etc. 

(i) Hypobromite Method^ (a) An alkaline 
-solution of hypobromite, as stated before, reacts with 
urea and gives off nitrogen and carbon dioxide, 
and it can be found by calculation that one gram 
of urea corresponds to 373 c.c. of nitrogen gas at 
N.T.P. (60 grams of yields 22.4 litres of 

NJ. For the estimation of urea in urine, about 25 
c.c. of a freshly prepared solution of sodium hyj^- 
bromite, prep>ared by dissolving 10 grams of NaOH 
in 25 c.c. of watar attcl adding 2*5 c.c. of bromine, 
are taken in a small bottle provided with a rubber 
stopper and connected by a rubber tube to a gas Fig. '37’ 

burette almost filled with water (Fig. 375 . Five c.c. ot tne sample ot 
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urine are taken in a small tube and placed inside the bottle with- 
out allowing the hypobromite to come in contact with the urine. 
After making the connections air-tight, the volume of air in the 
burette is read at atmospheric pressure. The bottle is then tilted 
to allow the urine to come in contact with the hypobromite. The 
carl>on dioxide is absorbed by the alkali and 
nitrogen is lil>erated. When the gas attains the 
room temperature, the volume is read at at- 
mos^dieric pressure and the increase in volume, 
due to nitrogen^ is reduced to N.T.P. The per- 
centage of urea can be calculated from thiy. 

(b) By Dor emus apparatus - — This is the 
quickest method for clinical purpose. The 
apparatus (Fig. 3B) is filled with alkaline 
sodium hypobromite and a known volume of 
the urine is allowed to flow in from the 
Fig. 38 graduated side tube. The nitrogen is collected 

in the main tulie which is gradjuated in grams 
of urea from which the percentage is easily calculated. 

Owing to secondary' reactions (e g., formation of cyanatc, hydra- 
zine, etc.) caused by hypobromite, these methods are never accurate 
and give results which are about 7 per cent below' the theoretical 
amount. 



(2j Urease Method . — As mentioned above, the enzyme urease 

I k. decomposes urea wdth the formation of ammo- 

nia and carbon dioxide, and the amount of 
jj urea can be calculated from the amount of 

A ammonia formed. The solution of urea (approx. 

5 c c. of a 2 per cent solution) is taken in the 
middle one of a series of three test tubes con- 
) nected together by tubes (Fig. 39). About i 
[ gram of |X)W'dered soya bean is added to the 
A urea solution and the test tube is kept at about 
^ 40° in the w'ater bath for about 30 minutes. 

The first tube, which acts as a washer, contains 
some dilute sulphuric acid and the third tube 
contains a know'n volume of N/io sulphuric 
I ? acid with 2 or 3 drops of an 'indicator. The 

is te^t tubes are connected with a pump and a 

1 3 slow current of air is drawn in. After ten 

minutes, about one gram of anhydrous sodium 
Fig. 39 carbonate is put into the middle test tube, 

qiuckly rruxed Dy gentle shaking and connected again with the pump, 
sodium carbonate liberates any ammonia which may be fixed 
unmonium salt. By back titration with a standard alkali one 
ascertain the amount of ammonia evolved from the urea, one 
of N/10 alks^i being equivalent to 0 003 g. of urea as can be 
calculated from the following equation: 

CO(NHJ, -f H ,0 « CO, -f 2NH,. 
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Amidine Derivative* of Carbonic Add, 


^nh 

The amidines contain the monovalent group — C\ 

These are fairly strong bases and form stable salts with acids. 
They are, however, easily hydrolyzed by acids vr alkalies, tha« 
differing from amines. 


When the oxygen atom of urea is replaced by the imino group 

/NH, 

( = NH), we get the amidine known as gtuinidine, HN = 

Some guanidine derivatives, such as creatine, creatinine, arginine, 
etc., occur in animal tissues. ^ 

Guanidine, Imino carbamide, Iinido urea, HN = C 

This has In^en found in certain plants and can also be obtained 
from some proteins. It is prepared by heating ammonium thiocya- 
nate to about 180“. It is a very^ deliquescent crystalline substance, 
easily soluble in water and alcohol. It is a strong base, absorbs CO^ 
from the air, and is toxic to animals. It is hydrolyzed by alkalies to 
urea and ammonia: NH;C(NHd., + H.O = CO(NHj), -f NH,. 

Creatine, a-M ethyl guanidine acetic acid, 

NH. 

HN = C/ 

\N(CH,).CHj.COOH 

It is an important and constant constituent of muscles (kreatos- 
of meat) of all vertebrates and is also found in other tissues. Thus, 
the striped muscle of mammals may contain up to o-6 per cent, and 
blood may contain about 0 01 per cent of creatine. It is, however, 
generally absent from the normal male (adultj) human urine, although 
it is found in the urine of women and young children. It is said to 
play a part in the metabolism of muscle contraction. 

It can be prepvared by extracting muscle with hot water and 
treating the filtered extract with lead acetate until there is^po more 
precipitation. The filtrate is treated with H^S and the filtered liquid 
is concentrated to a small bulk and left in atfi ice chest to crystallize. 
The crystals, whicii can be recrystallized from hot water, are washed 
with 88 per cent alcohol and dried. It is found in the meat extract 
to the extent of about 6 per cent. 

Creatine crystallizes from water in colourless prisms with one 
molecule of water of crystallization, which is lost when heated to 
100°. It is easily soluble in hot water but less so in cold; it is 
insoluble in a^ohol and ether, and is neutral in reaction. It has a 
faint reducing action. By heating or by treatment with a dehydrat- 
ing agent creatine beconies converted into creatinine, 

17 
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-y-NH- ; 

Creatinine, HN = C ^ | 

\n(CH,).CH,.CO 

This is the anhydride of creatine, and occurs in all mammalian 
urines and in blood as a normal constituent- The average daily 
ejccretion in a healthy adult is about i gram. It forms colourless 
crv'stals. only slightly soluble in cold water and alcohol but readily 
jn hot. It is a strong base and the aqueous solution has a slightly 
alkaline reaction. It reduces solutions of Cu,Ag,Hg and picric acid. 
The reduction of Fehling's solution by urine containing excess of 
creatinine may thus lx‘ mistaken for a reducing sugar, If a few 
droops of a freshly prepared solution of soilium nitroprusside be added 
to a solution of creatinine and followed by a few drops of dilute 
solution of KOH, a ruby red colour is produced which soon passes to 
yellow. On warming and then acidulating with acetic acid a green 
colour develops which soon changes to blue. Phosphomolybdic acid 
s<jlution produces a yellow crx'stalline precipitate. 

Synthalin B, Dodecamethylene dif^uanidint' dihydf^chloride, 
ITN.C.NH.(CH-),,.NH.C.NH,.2HC1 

' 11 ' * |{ 

NH NH 

This compound and the decamethylene diguanidine bihydro- 
chloride, known as Synthalxn, can be prepared by the action of 
cyanamide on the corresponding diamines, thus, 

NH, + 2 CN.NH, = H,N.C.NH.(CH,)x .NH.C.NH, 
NH NH 

These guanidine derivatives possess the property of reducing 
blood sugar when taken orally. They have, therefore, been suggest- 
ed as oral substitutes for m5M/i« for treatment ol glycosuria. 

UREIDES 

Simple Ureides. — The simple ureides are acyl deri- 
vatives of urea formed by the action of acid chlorides or acid 
anhydrides on urea. Thus, acelyl urea, H3N.CO.NH.COCH,. 
formejj by the action of acetyl chloride or acetic anhydride 
on urea, is a simple ureide. Bromural or a-Bromo.isovaleryl 
urea, 

CH (CH.),.CHBr,CO.NH.CO.NH„ 

another simple ureide, is used in medicine as a sedative and 
hypnotic. 

Cyclic Ureiiies.— These are the products of reaction 
of the acid chlorides of diba^ acid§ with urea. Both acyi 
groups take part in the reaction with elimbation of 2 mols. 
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of HCI and cyclic derivatives are formed. Thus malonyl 
urea or barbituric acid is formed as follows: 


CO 


Urea* 


Cl.COx ,NH— COv 

■f = CO(" Vh, + 2HCI 

ci.co^ \nh~-co/ 

Acid chloride of Malonyl urea 

malonic acid (Barbituric acid) 


CO. Cl NH. 

I + 

CO. Cl NH. 

Oxalyl chloride 


CO— NH. 

CO = I ^CO + 2HCI 

CO— NH^ 

Oxalyl urea 
(Parabanic acid) 


Various derivatives of barbituric acid, known as 
barbiiurat cs , have been synthesized and many have come 
into use as hypnotics.- 

C,H,. yCO— NHv 

Veronal. Barhitone, Diethyl barbituric acid /CO 

C,H/ ‘\cO— NH/ 

This may be obtained by condensing the diethyl derwative of 
malonic acid with urea in presence of sodium ethoxide : 

C,H,v /CO.OC.H H.N\ C,H,^ XO— NHv 

■ y / ■ + ■ yo == ■ )c( yo 

C,H/ ^CO.OCAl ICN/ C..HX \CO— NH^ 

■ ^ + 2C,H,0H 

It is a white cr>^stalline powder, m-p. 191'’- tt is very slightly soluble 
in water but is soluble in alkaline solutions as well as in alcohol, ether 
and chloroform. It has a powerful hypnotic action. The sodium salt 
of veronal, known as veronal- sodium or medinal, is easily soluble 


/CO - 

in water and has the formula, ^C.ONa 

C,Hy ^CO— NH^ 

CgH. ^CO — NH 

Luminal, ethyl barbituric acid. /C\ 

C,H: ^ \CO— NH 



This Ls a white powder with a slightly bitter taste. It is almost 
insoluble in water but is soluble in alcohol, ether and chloiyform. It 
is also a powerful hypnotic. Its sodium salt, which is easily soluble 
in water, is also used in medicine. 


PYRIMIDINES 


These are cylic ureides obtained from urea and acids with three 
carbon atoms, and come more properly under heterocyclic com^unds 
(see Chapter 26). The parent substance, pyrimidine C^^Nj, has 
been prepared synthetically and has the following structure: 
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(i^ N 3 = CH (6) These pyrimidines are found in the proteins of 



CH 

!l 

CH (5) 
]! 

cell-nucleus (in nucleic acids) 

, and 

are therefore 

(Jfl 

N - 

-CH (4) 

oi physiological signihcance 



Some of the 
shown below\* 

common pyrimidines found in 

proteins are 


HN 

1 

— CO 

N r.NH, 

1 1 

HN - 
1 

- CO 

1 


1 

OC 

1 

C.CH3 

1 1 

OC' CH 

1 

(X' 

1 


1 

fl 

t 11 

1 

II 


HN 

~ CH 

HN — CH 

IIN - 

- CH 


Thymine 

Cytosine 

Uracil 


(5-Methyl-2 : 6-dioxy' (f>>Aroino-2-oxy (2:6'dioxy 

pyrimidine) pyrimidine) pyrimidine) 


Complex Cyclic Dmrcidcs, Purines. 

These diureides contain two urea residues, 

— NH — CO — NH — . 

in the molecule. The parent substance purine has been 
obtained synthetically and has the following structure: 

(If) N = CH (6) 


(2) CH C (5) ~ NH 

il 

(3) N - C U) - N 


( 7 )\ 

>CH (8) 


It is a colourless crystalline compound, m.p. 216**, with 
amphoteric reaction, readily soluble in HjO. It does not 
occur in nature, but several members of the purine group 
occur both in the animal and vegetable kingdom and are of 
some physiological importance. Those occurring mainly in 
animal tissues, are uric acid, xanthine, hypoxanthine, adenine 
and guanine, and those commonly occurring in the vegetable 
kingdom are caffeine, theobromine, theophylline, etc. The 
structural formulae of these purines are shown below: 


HN— CO N=C.OH 

II i i 

OC C— NHv HO.C t—NHx 

„!,Xnh> U-n>™ 

Uric acid Tautomeric (enol) 

(2 : 6 : 8-trioxypurine) form of uric acid 


HN— CO 

1 1 

OC C— NH \ 

„U - *>“ 

Xanthine 

(2:6-dioxypurine) 
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HN— CO 

I I 

HC C— NH 

II 11 >CH 
N--C — N 
Hypoxan thine 

(h-monoxypunne) 


N..C.NH, 

I I 

Hc: C— NH 
il II >CH 
N— C- — N 
Adenine 
(6-aminopunne) 


HN_Co 

! I 

H,N.C C— NH 

li II >CH 
N— C — N 
Guanine 

(2-an]ino-6-oxypurine^ 


>CH 


OC C— N(CH.) 


CO CH,N-_CO HN— CO 

i I ! 

OC C— N(C}^,) OC C— NH 

I II >CH I !i 

CH3. N—C N CH,N— C — N CH,.N— c N 

Caffeine Theophylline Theobromine 

(1:3: 7-trimethyl (1 ■ j-dimethyl- (3 : 7-dimethyl- 

2 ; 6-diox ypu rice) 2 ; 6-dioxypurine) 2 ; b-dioxypurine) 


>CH 


Uric Add. 2:6:8-Trioxypurine, 

This was discovered in urinary calculi by Scheele in 
1776. In normal human urine, it occurs to the extent of 
0-5 to 15 grams in the 24 hours’ sample, but the amount 
varies with the diet, it is derived from the breaking down 
of nucleoproteins in the organism. It occurs to a much 
larger extent in the excrements of birds and reptiles. It 
occurs in human blood to the extent of about 2-3 milligrams 
per 100 C.C.; the amount is increased in gout, nephritis and 
lead-poisoning. 

r reparation, (i) From Frinc. — Urine is treated with 
one-tenth of its volume of cone. HCl and allowed to stand in 
a cool place for about 24 hours. The reddish brown crystals 
of uric acid, which mostly adhere to the sides of the vessel, 
are removed and purified by conversion into an alkali salt 
and reprecipitation with HCl. 

(2) From ( iuano. — Guano, a deposit of bird’s excrement 
consisting chiefly of ammonium urate found in certain parts 
of South America, iorms a cheap source of uric acid. It is 
boiled with dilute sodium carbonate until the evolution of 
ammonia has ceased and then filtered. The filtrate is treated 
with dilute HCl when uric acid is precipitated. It is purified 
by repeating the process and drying. 

Properties ^ ReaoUons and Tests, — The uric acid which 
separates from urine is pigmented yellow or brown and 
assumes various shapes such as whetstones, dumb-bells. 
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sheaves, etc. But the pure acid is a colourless, tasteless, 
crvstallinc powder, insoluble in cold water, sparingly so ui 
hot water and insoluble in alcohol 'nd ether. It dissolve, 
in glycerol and in solutions of certain alkali salts ^ 

sodium phosphate, etc. it does not possess any CQUH 
group but nevertheless it behaves as a w eak dibasic acid and 
tsuallv forms acid salts. The neutral salts are more so ubk^ 
The rnost soluble salt is the lithium salt and the. salt with t c 
organic base j^ipcniziiw . 

hn/ ‘ ;NH. 

In ((outy subjects, the acid salt nl t„,c a«l is deposited in 
the affected joint. 

WTien heated, uric acid is decomposed ii^a, 
acid hydrocyanic acid and ammonium carbonate. On eva- 
porating a little uric acid with dilute nitric acid to dryness, 
rbeaufilul orange colour is developed and on treating the 
residue with a drop of ammonia, a purp e colour (due to 
ammonium purpiirate or muic.xidc) is obtained, and f < 
<lrop of dilute caustic soda is now added the colour ch^ges 
to blue-violet. This is known as the miircxide test. B urn 
acid is dissolved in sodium carlxmate and the solution is 
poured intt) a hlter paper moistened with silver nitrate solu- 
tion, there is a black stain due to reduced silver. This is 
known as Sclulfs lest. Uric acid or urates reduce Fehlmg s 
solution on prolonged boiling, an important point to ra- 
member when testing urine for sugar. It d^olorizes ^^”0. 
solution both in acid and alkaline media. Standard KMnO, 
solution with strong H,SO, is therefore used in estimating 
uve acid. Very small quantities of uric acid can be est^ied 
colorimetricallv by the blue colour developed by Folin s 
phosphotungstic acid reagent. 

The hydrogen atom of the imino group in 
— CO NH.CO — is acidic in nature and is replaceable by 
metals! The hydrogen atoms of the OH groups in the enol 
form are also replaceable by metals and neutral salts are 
formed when both the H atoms are replaced. 

Xanthine, 2 ■.6-Dioxy purine, CjH.O.N,. — Thw occurs ip small 
quantities in urine and in animal tissues, It is also found m small 
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quantities in yeast, beet-root, tea, etc. It is a colourless powder, 
very sligiitly .soluble in water and inscduble in alcohol and ether. 

Hxpoxanthine, o-Monoxy purine, C^H,ON,. — This occurs in 
.small quantities in urine and in animal tissues. It is also found 
in yeast, in some plant seeds, etc. It is a colourless microcrystalline 
i>owder, slightly soluble in water but insoluble in alcohol. 

XdenxnQjO-Aymnopurine, — This occurs in the pancreas 

and other tissues. It is also found in yeast, beet-root, tea, etc. 
It forms colourless crystals, soluble with difficulty in cold water 
but more easily in hot. 

Guanine, J-Awino-O^oxypunne, C.H.ON., — This occurs in the 
animal tissues and is a constituent of nucleic acid. It is, also found 
in small quantitie-s in yeast, sugar-cane, etc. It is a colourless powder, 
insoluble in water and alcohol. It is soluble in mineral acids or 
alkalies. 

Caffeine, 1 :3:7-Trimethyl-2:6-dioxypurine, CgH^^02N,j 

Occurrence . — It occurs to the extent of i to 4*8 per cent 
in tea leaves, i to 1-5 per cent in coffee beans, 2-5 to 3 5 
per cent in kola nuts, etc. 

Preparation. — C'affeine is generally prepared on a large 
scale from damaged tea, waste tea or tea dust. In the labora- 
tory, it can be easily prepared by digesting tea with about 5 
times the bulk of boiling water and hltering through fine 
muslin. The residue is washed with some more boiling water 
and the filtrate is treated with a solution of basic lead acetate 
until there is no more precipitate, and filtered hot. The 
proteins, tannins and colouring matter are thus removed. 
The excess of lead is precipitated by adding dilute sulphuric 
acid. The filtrate is then concentrated to about one-third 
the bulk after the addition of animal charcoal. The concen^ 
trated solution is filtered, cooled, and extracted 2 or 3 times 
with chloroform. The chloroform is recovered and the 
residue reciy^stallized from hot water. 

Properties, Rcactio-ns and Uses. — Caffeine crystallizes 
from water in colourless, thin, silky needles with a molecule 
of water of crystallization, which is lost at 100° or by keeping 
over cone. H2SO^. The anhydrous substance melts at 235^ 
but it begins to sublime at about 176°. It has a bitter taste 
like alkaloids. It is fairly soluble in chloroform (i in 8 at 
25°), water (i in 46 at 25°) and alcohol (i in 53 at 25’') 
but very slightly soluble in ether. It is a weak base giving 
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a neutral solution in water and its salts are hydrolyzed bv 
excess of water. 

Caffeine does not give any precipitate with Mayer's 
reagent (potassium mercuric iodide), and this distinguishes 
if from most alkaloids. It is, however, precipitated bv 
Wagner's reagent (I in KI) in the presence of HCI. 
Caffeine gives the murexide test which is carried out as 
follows: It is moistened with bromine water and the solution 
evaporated to di^mess on a water bath; the orange coloured 
residue becomes red on further heating and is turned purple 
on adding a drop of ammonia. 

Tea and coffee are used as stimulant drinks. Caffeine 
itself is largely used in medicine as a cardiac stimulant and 
also as a diuretic. 

TTieobromlnc, ?; . r>-,:]oxypurine, C\H, 0 ,N,, 

This purine is found in coca l)eans and in small amounts in kola 
nuts and in tea leaves. It forms microscopic crystals, m p. 330" 
(sublimes at 290*"); very sparing^' soluble in cold water, but 
moderately soluble in hot water and in boiling chloroform. It gives 
the murexide test but no precipitate \vith Mayer's reagent. Tl>e 
soluble salts are used in medicine, chiefly as diuretic. 

Theophylline r : 3 Dimethyl — 2 ; 6-dioxypurinc. 

This purine is found in small quantities in tea leav^es. It forms 
colourless crystals, sparingly ^luble in cold water but readily in 
hot water. Its medicinal use is similar to that of theobromine. 



PART III 

CYCLIC OR CLOSED-CHAIN COMPOUNDS 

AROMATIC COMPOUNDS 
CHAPTER XXII 

THE BENZENE HYDROCARBONS 

Cyclic Compounds — In addition to the aliphatic com- 
pounds which are open^chain compoimds^ there are a greal 
variety of substances having ring structure or a closed chain 
of (^rbon atoms. These are called cyclic compounds and are 
divided into two classes — homocycUc, having only carbon 
atoms in the ring, and hctetocyclic containing carbon atoms 
as well ^ nitrogen, sulphur, etc. The homocyclic compounds 
are again divided into two groups, namely, (i) dicyclic com- 
pounds represented by cyclopentane, cyclohexane, etc., which 
resemble aliphatic compounds in their properties, and (2) 
aromatic compounds having a peculiar type of unsaturation 
as exhibited in the structure of the first member, benzene, 
as shown here. 


CH, 

CH, 

CH 

/X 

/\ 


H,C CH, 

i 1 

Ufi CH, 

HC 

1 

^ CH 

1 1 

H.C CH, 

1 1 

H.C CH, 

Hit 

Ih 

\/ 



CH. 

Cyclohexane 

CH 

Cyclopentane 

Benzene 


We may, therefore, state as follows: 

Organic compounds 


Open-chain compounds 

Closed-chain compounds 

(aliphatic) 

1 (cyclic) 

e,g., methane, ethane, | 

1 

etc. Homocyclic 

Heterocyclic e.g.. 

1 

pyridine, thiophene, etc. 

1 

Aromatic 

Alicyclic 


benzene toluene, etc, e.g., cyclopentane, cyclohexane, etc. 
17 B. 
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lust like the alipliatic hydrocarbon^, aromahc 
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described below. . 

■ N.B. The 

ehM^r staces of our chemical kDowleoge, these co ^ 
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d4 to the negative nature of the phenyl radical-X^Hv 
f^uSoa ol®an aliphatic 
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nS add, bu^the arLatic amines form 
Compounds whde the aliphatic amines scarcely do so. 
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first pssed through large vertical air-condensers for condens- 
ing the coal iar and the aqueous liquid, known as gas liquor 
which collect in tanks. The gases formed are freed from 
further quantities of tar and gas liquor by passing through 
air- or water-cooled chambers. They are. next freed from 
hydrocyanic acid, sulphuretted hydrogen, etc-, by passing 
through special washing chambers. The purified coal gas is 
collected in large gas holders over water, from where it is 
distributed through pipes. The yield of coal tar by this 
method (high tetnperature distillation or carbonization) is 
about 6 per cent of the weight of coal, and the yield of coal 
gas is about 10,000 cubic feet per ton of coal or about 17 per 
cent of the weight of coal. The residue left behind in the 
retorts is known as coke. 

The composition of coal gas varies with the nature of the 
coal and the temperature of distillation. The approximate 
composition of an ordinary sample of purified coal gas may 
be taken as follows : (i) Non-luminous constituents such as 
hydrogen 50 per cent, methane 32 per cent, carbon monoxide 
8 per cent, etc.; (2) luminous constituents (such as ethylene, 
acetykne, benzene, naphthalene, etc.) 4 per cent; (3) other 
constituents such as nitrogen 4 per cenfi carbon dioxide, 
traces of ammonia and sulphuretted hydrogen 2 per cent. 

The hydrocyanic acid absorbed in washing chambers 
serves as a source of potassium ferrocyanide and other 
cyanogen compounds. The gas liquor, which contains a large 
quantity of ammonia, is a cheap source of various ammonium 
salts, ammonium sulphate being largely used as a fertilizer- 
The yield of ammonia as sulphate is about 25 pounds per ton 
of coal. 

Distillation of Coal Tar 

As stated above, the coal tar forms about 6 per cent of 
the weight of coal used, but the amount may vary with the 
nature of the coal and the temperature of distillation. For 
instance, at low temperature carbonization (about 500''C) the 
amounts of gas and ammonia are reduced while the amount 
of tar increases. The tar is separated from the aqueous gas 
llMor and submitted to fractional distillation in large iron 
stilJs connected with long iron condensers. The distillate 
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consists of the following fpu; fractions, and the yield is from 
one ton of the tar : 

I. Light Oil or Crude Naphtha , 

B.P. up to 170 ; sp. gr. 0 92, hence 'light* oil; yield 
about 13 gallons, t e., about 5 per cent; contains 
benzene, toluene, xylene, etc., as well as small amounts 
of pyridine, phenol, etc. 

II. Middle Oil or Carbolic Oil 

B.P* 170" to 230"; sp. gr. roi; yield ab^t 20 
" gallons, le., about 9 per cent; contains naphthalene, 
phenol, cresols, etc- 

III, Heavy Oil or Creosote Oil 

B.P; 230^ to 270^ sp. gr. 1*04; yield about 17 gallons. 
i.e., about 8 per cent ; contains cresols and small 
amounts of naphthalene; used as a preservative for 
timber. 

IV. Anthracene Oil or Green Oil 

B P. 270^" to 400'’; sp. gr. i*io; yield about 38 gallons, 
i.e., about 19 per cent; contains mainly anthracene, and 
some phenanthrene; used for preparing various dyes. 

V- Pitch u . 

This is the residue remaining in the still ; yield about 
II c^vt. i.e., about 55 P^^ » used for making 

briquettes from coal dust, for preparing black 
varnishes and also in making roads. 

Fractional Distillation of pght Oil 

The light oil is shaken with concentrated sulphuric acid 
to remove basic substances such as pyridine, etc., and then 
with dilute caustic soda to remove acidic substances such ^ 
phenol, etc. It is next washed with water and submitted 
to fractional distillation. The four fractions collected are: 
(i) up to 70^ (2) between 70" and 140°, (3) between 
140® and 170 an^ (4) over 170°. The second fraction on 
further fractionation yields mainly benzene, toluene and 
xylene. The higher hydrocarbons distilling after ^ xylene, 
either from the second fraction or from higher fractions, 
known as solvent naphtha which used in various industries 
and particulariy as a solvent for rubber. 
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Constitution of Benzene 


The first member of the aromatic hydrocarbons is 
benzene. The percentage composition and vapour density 
determinations show that the molecular formula is C^Hg, 
which obviously shows that it is an unsaturated compound. 
Ahy structural formula for benzene must explain the following 
facts : (i) It gives one and only one mono-derivative, hence 
the stnicture must be symmetrical, (2) it gives three di- 
derivatives, These facts are fully accounted for by ascribing 
to it the following hexagonal formula with alte^ate double 
linkages as suggested by Kekule in 1865. As the 
structure is symmetrical, it accounts for the 
stability of benzene towards chemical agents and 
it also accounts for the existence of only one 
ntono->derivative, since all the six hydrogen atoms 
are symmetrically placed with respect to one 
another; further, it explains the existence of Qnly three di- 
derivatives ^ 



With di-derivatives, three isomerides are possible, 
namely the 1:2 position or ortho compound, the 1:3 position 
or meta compound and the 1:4 position or the para com- 
pound. These isomers are known as position isomers. The 
position 1:2 is similar to position i : 6 since they 



Ortho (i : 2) Meta (i : 3) Para (i : 4) 


are adjacent, and the position 1 1 3 similar to position 
1:5 since they are alternate in the ring. But here again a 
difficulty arises. The position 1:2 with a double bond 
between the carbon atoms does not appear to be identical 
witih the position 1:6 which has only a single bond, ^ One 
may, therefore, expect that there would be two isomeric di- 
derivatives of the typos shown below: 
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We know, however, that such isomerides do not exist, and 
this objection was met by Kekul6 by the 
^ l] I ll suggestion that the double linkages were 

I J ^ I continually oscillating betw'een the posi- 

\/ tions as represented in the diagram, 
fiaeyer suggested that the fourth valency of each carbon atom 
is directed towards the centre of the hexagon, ben- 
zene having a centric formula. Various other struc- lyM 
tures have also been suggested but the majority of 
chemists prefer the formula suggested by Kekulc- 


As regards the tri*derivatives of benzene, three iso- 
merides are possible, namely, 1:2:3 or adjacent (vicinal), 
1 : 2 : 4 or unsymmeirical and i : 3 : 5 or symmetrical, and these 
are shown below where X represents the substituent! 



Adjacent Unsymmetrical Symmetrical 

1:2:3 1:2:4 i :3*'5 


General Bfethods of Synthesizing Benzene 
Hydrocarbons 

(i) Fittig^s Method, — By the action of a brominated 
benzene hydrocarbon and an alkyl bromide upon metallic 
sodium in diy ether: 

Br -f CH,I 4- zNa « C*H,.CH, 4- Nal + NoBr 
BromciieDzene Toluene 
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(2) Friedel and Craps’ Method.- By the action of alkyl 
halide on aromatic hydrocarbons in the presence of 
anhydrous aluminium ciuoride; 

C.H. + CH,CH,C1 = C.H..CH,,CH. + HCl 
Benzene Ethyl chloride Ethyl benzene 

(3) By heating the sodium salts of aromatic acids with 
soda lime; 

C,H,.COONa + NaOH = C.H, + Na,CO, 
Na-benzoate Benzene 

(4) By distilling phenols with zinc dust: 

C.Hj.OH -f Zn = C, H, + ZnO 
Phenol Benzene 

General PropcrticJ of Benzene Hydrocarbons 

The benzene hydrocarbons are mostly all colourless 
mobile liquids, wifh a 'peculiar odour, insoluble in water but 
soluble in alcohol and ether. They are volatile with steam. 
They are as a rule readily nitrated and sulphonated. On 
oxiaation, the side chains are readily oxidized to carboxylic 
acids, and where more than one alkyl group is present the 
higher is usually attacked first. 

Usually by the term benzene nucleus is understood the 
group of six carbon atoms with its attendant six hydrogen 
atoms, and the group is known as the phenyl radical. 

Where a hydrogen atom of benzene is replaced by a radical, 
the arrangement is spoken of as a side chain. It is imix)rtant 
to remember that although the property of an aliphatic side 
chain is modified by its attachment to an aromatic nucleus, 
its general chemical behaviour very closely resembles the 
reactions of an aliphatic compound. 



Benzene Ethyl benzene Side chain 

(nucleus) (nucleus with an oxidized 

aliphatic side chain.) 
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Bemene^ Benzol, C^H, 

Synthesis 

(1) By passing acetylene through a red-hot tube : 

3C,H, = 

(2) Pure benzene can be prepared in small quantities in 
the laboratory by heating sodium benzoate with soda lime. 

C*H,.COONa -f NaOH == C.H, -f Na,CO, 

^ Preparation — Benzene is prepared on a large scale fjrom 
the tight oil fraction obtained by the distillation of coal tar. 
The second fraction obtained by the distillation of light oil 
(see above) is refractionated and the distillate between 80® 
and 85® is collected. This is again fractionated carefully 
until pure benzene is obtained. 

Properties, Uses and Reactions, — Benzene is a colour- 
less naobile liquid with a characteristic smell. It boils at 80* 
and solidifies at 5 4°. It has a sp* gr. of 0 8799 at 20®. 
It is highly inflammable and bums with a luminous, smoky 
flame. It is insoluble in water but mixes with methyl alcohol, 
ethyl alcohol, acetone, ether and glacial acetic aid. 

It is a good solvent for resins, fats and oils and also for 
inorganic substances like iodine, phosphorus and sulphur. It 
is used both as a solvent and also as the starting material for 
the preparation of various synthetic aromatic compounds used 
as dyes and drugs. 

Benzene is fairly stable towards mild oxidizing and 
reducii^ agents. It does not decolorize bromine-water 
although it contains three double bonds. In the presence of 
a suitable catalyst, however, it is reduced by hychogen to 
hexahydrobenzene Iodine has no direct action upon 

benzene. Chlorine or Nomine acts upon benzene in direct^ 
sunlight giving additive products like benzene hexachloride 
CftH.Cl* and benzene hexabromide CeH^Br^^. In diffused 
daylight, especially in presence of a carrier like iodme or 
antimony trichloride, chlorine gives substitution products such 
as monochlorobenzene C*H5C1, dichlOTobenzene C^H^Cl, 
tricblorobenzene C,H,C 1 ,; and bromine has a similar aetjon. 
Caustic alkalies have no action upon benzene. Dilute nitric 
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acid or sulphuric acid does not react with benzene, but con- 
centrated nitric or concentrated sulphuric acid forms substitu- 
tion products. The hydrogen atoms of benzene are gradually 
replaced by nitro and sulphonic acid groups, giving mono-, 
di- or tri-derivatives: 


CeH, -f HNO, = CJi..Na -f H,0 ; 

C,H.,NO, 4- HNO3 C,H,(NOj). 4- H,0 ; etc. 

C,H, 4- H,SO, =. C,H3.S0,H^ 4- H.O ; 

C.H,.SO,H .4 - H,SO, = C,H,(s6,H). 4- H,0 ; etc. 

Homologues of Benzene 

Benzene is the first member of a homologous series with 
the general formula and they are formed by the 

substitution of hydrogen atoms by alkyl groups. Most of 
these occur in the light oil fraction obtained from coal tar 
distillation; of these toluene and xylene are important owing 
to their use in biochemical and histological work* 

CgHg Benzene- 

C^H5.CH3 Methyl benzene or Toluene. 

CftH^(CH3)2 Dimethyl benzenes or Xylenes (0-, m-, p-). 
C6H3(CH3)3 Trimethyl benzenes, e.g., mesitylene 
(I-3-5). pseudocumene (1:2:4), and hemimelJi- 
thene (1:2:3). 


Toluene, Toluol, Methyl benzene, Phenyl methane, 
QH,.CH3. 


CH3 


HC 

HC 



CH 


Occurrence — It is obtained by the dry 
distillation of Balsam of Tolu, whence the name. 
Balsam of Tolu is the exudate obtained from 
the trunk of the tree Myroxylon tohdjerum, 
Hb. & Kth. Toluene occurs in the light oil 
fraction of coal tar distillate from which it is 
usually prepared by fractional distillation. 


Synthesis. 

(1) By treating bromobenzene and methyl bromide with 
metallic sodium (Fittig's reaction): 

C.H.Br 4- CHJir 4- 2Na = CH, 4- iNaBr 

(2) By heating benzene with methyl iodide in presence 
of anhydrous aluminium chloride (Friedel — Craft reaction): 

4- CH3I - CJC.CH, 4- HI 

18 
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(3) By heating the sodium salt of toluic acid with soda 
lime; 

C,H.(CH,)COONa 4- NaOH =* C,H,.CH, -f Na,CO, 

Preparation . — On a large scale, toluene is obtained by a 
careful fractional distillation of the 2nd fraction of light oil 
(see p. 268) distillate (B.P. 70® to 140''). 

Properties, Reactions and Uses . — Toluene is a colourless 
liquid with a characteristic odour. It has a sp. of 0*865 
at 20°. It boils at 110 8° and solidifies at — 102°. It is almost 
insoluble in water but dissolves in the usual organic solvents. 
On oxidation, the side chain (CH, group) is oxidized to 
COOH forming benzoic acid: CH, — C^jH^.COOH, 

Toluene is used as a solvent and also as a starting 
material for some organic compounds used in medicine. It 
is also used as a preservative in biochemical experiments. 

Xylenes, Dimethyl benzenes, CeH^(CH3)3. 

The xylenes exist in the following three isomeric forms. 
They all occur in coal tar from which they are obtained by 
fractional distillation, the meta-compound being predominant 
in coal tar- 



Ortho Meta Para 

Properties . — The xylenes are colourless inflammable 
liquids with a peculiar odour. On oxidation, they yield in 
the first place monocarboxylic acids, the three (o-, m- and 
P-) toluic adds CeH^(CHg)COOH. On further oxidation of 
the second methyl gwup is attacked with the production of 
dibasic acids, known as (o-, m- and p*) phthabc adds 
C*H^(C00H)2. Commercial xylene or xylol is generdly 
a mixture of the three isomers. It is used as a hardening 
and clearing reagent for histological sections. 
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0-Xylene; bp. 142®, sp. gr. 0-8633 20®. 

m-Xylene; b.p. 139°, sp. gr, 0 8642 at 20°. 
p-Xylene; b.p- 138®, sp. gr. o-86ii at 20°. 

Mesitylene, i : 3 • 5 or Symmetrical trimethyl benzene, 
C,H3 (CH,),: 

This is a colourless liquid which occurs in coal tar and in 
some petroleum oils. As stated earlier (see acetone), it can 
be produced by the condensation of acetone with concen- 
trated sulphuric acid. It boils at 164® and has a sp. gr. 
of 0-856 at 20®. 



CHAPTER XXIII 


HALOGEN, NITRO, AMINO, DIAZONIUM, 
DIAZO AND AZO COMPOUNDS 

Halogen Derivatives 

The halogen derivatives of benzene and its homologues 
may be of the following three tj’pes : 

I. Additive Compounds, such as benzene hcxachlo- 

ride CgHj.Clg, benzene hexabromide etc. 

II. Substitution Compounds, 'With Ivalogens in the 

benzene nucleus, such as monochlorobenzene C^H^Cl. 
dichlorobenzene monochlorotoluene CftH^(CH3)Cb 

etc. These compounds are ver\’ stable, and the halogen 
atom attached to the benzene nucleus is not easily replaced 
by OH or other groups. They may be prepared either by 
the action of dry chlorine on benzene in the presence of 
halogen carriers such as iodine, ferric chloride, etc., or by 
the Sandmeyer's reaction on a diazonium salt prepared from 
an aromatic amine (see later), 

Monochlorobenzenc, Phenyl chloride, C.H^Cl ; This is pre- 
pared (i) either by the action of dry chlorine upon benzene in 
presence of aluminium mercury couple, C^H.+Cl, ^ C*HjCl HCl, 
or (2) by warming benzene diazonium chloride (see) with a solution 
of cuprous chloride dissolved in HCl (Sandmeycr's reliction), 
C^HjNjCl = C,H,CI -f- Nj. It is a colourless mobile liquid insoluble 
in water, b p. 132'’. 

p-Dichlorobenzene, 

Prepared by the action of chlorine on benzene in presence of a 
catalyst like anhydrous aluminium chloride; colourless plates, m.p. 
53°, b.p. 1 73 sublimes at room temperature. It is a powerful 
insecticide and used as a substitute for naphthalene. 

o-Chlorotoluenc, CtH^(CH,)Cl : prepau-ed either by chlorinating 
^luene in presence of a halogen carrier, or better by the Sandmeycr's 
reaction from the diazonium chloride obtained from o-aminotoluene ; 
it is a colourless liquid, b.p. 156*. 
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Insecticides, Natural and Synthetic 

Natural. — Of the various plants which contain substances having 
strong insecticidal action, the two most important are (i) Pyre thrum 
cin^raruiefolium Trev., (Family Comjpositae) , whose flower heads 
contain the active principles Pyrethrin I and Pyrethrin II, and 
(r) Derris elliptica Benth. and other plants (Lonchocarpus, Tephro- 
sia, etc ) of the family Leguminosae, whose roots contain the active 
principles rotenone, toxicarol, deguelin, and other allied compounds. 

Synthetic. — Of the synthetic compounds the most important 
are D.D.T and Gammcxane. 

D.D.T., Dichloro-diphenyl-trichloroethayie, T-Trichloro-z ,2-his 

{p-chloropheyiyl) ethane, p,p^-D,D.T. 



This can he prepared in tlie laborator\^ by the action of cone. 
fT SO, on a mixture of drv' chloral and monochlorobenzene: 

2C,tTCl + CCl,.CHO = (CeH,Cl),.CH.CCl,, + H ,0 


When crystallized from hot alcohol, pure D.D,T- is obtained as a 
white waxy solid, m.p 108-5 “-109 -o'" (corr.). It is insoluble in 
u’ater, .wluble in hot alcohol, in ethyl acetate, chloroform, benzene, 
]vero;a'r;e, and many other organic solvents. Its solution in kerosene 
(about 5 per cenfl) is used as a spray for insecticidal action. 
Technical D.D.T. consists of about 70 per cent or more of the pure 
D.D.T, (p,p'-D.D.T.) with other inactive components the major 
impurity biung i-trichloro-2-0 chlorcphenyl -2-p-chlorophenyl ethane 
.fo. p'-D.D.T.): — 


\ 

Cl 


cci, 

^ — CH— ^ ^Cl 

/ \ / 


Purr^ed or aerosol D.D.T, is a partially refined grade contain- 
ing greater amounts of p, D.D.T. (the active component) and 
having a melting point not less than 103°. 


Gammexane, Hexachlorocyclohexane, 666 , Benzene hexachloride, 
C.H.Cl., 


^CHCl— CHCl 

CHCl ^CHCl 

\ / 

^CHCl-CHC! 

prepared by the chlorination ' 


This is the gamma (y) isomer of 
benzene hexachloride and is the 
most toxic of all the four isomers 
(a. y Sc 6 ) hitherto known. It is 
benzene and the pure y-form is 
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separated from the other isomers by the use of methyl alcohol and 
chloroform. The pure compound is a colourless substance, m.p. 112*- 
113*“. It is insoluble in water but soluble in organic .solvents such 
a3 methyl alcohol, chloroform, carbon tetrachloride, xylene, kerosene, 
etc. It is a good larvicide and is effective against most insects. It 
is used either by dilution with an inert solid like gypsum or as its 
solution in some organic solvent, usually kerosene. 

III. Substitution Compounds halogen atoms 

iin the side chain, e,g., benzyl chloride, benzal chloride, etc. 
These compounds are generally reactive and resemble the 
aliphatic derivativ^es in their chemical behaviour. 

Benzyl chloride, C.H^.CHjCl. — This is prepared by passing 
chlorine into a mixture of boiling toluene and phosphorus penta- 
chloride in presence of sunlight until the required amount of chlorine 
has been absorl>ed, and is purified by fractional distillation. It is a 
colourless liquid with an irritating smell, b.p. 176°, sp. gr. 1100 at 
20*. It is really the halide ester of benzyl alcohol C.Hj.CH.OH 
and on treating this with an alkali it is hydrolyzed to this alcohol, 

Benzal chloride, Bentylidine dichloride, CjHj.CHClj. — This is 
prepared in the same manner as benzyl chloride, only the reaction is 
allowed to proceed further. It is a colourless liquid, b.p. 207°, sp. gr, 
1,256 at 14“, It is used in the preparation of benzidehyde (sec). 

Benzo trichloride, Phenyl chloroform, C.Hj.CCl,. — This is pre- 
pared like the above compound. It is a colourless liquid, b.p. 213*, sp. 
gr. 1*380 at 14”. It is converted by milk of lime to benzoic acid (see). 


Nitre Compounds 

Benzene and its derivatives are easily acted on by 
concentrated nitric acid, forming nitro compounds. Accord- 
ing to the concentration of the acid, the temperature, and 
the nature of the compounds acted on, one or more nitro 
groups enter the molecule by displacing the hydrogen atoms 
in the nucleus. 


The nitration is usually carried out by a mixture of 
concentrated nitric and sulphuric acids. The sulphuric acict 
takes up the water formed in the reaction and the action 
of nitric acid becomes more steady and powerful- In these 
nitro compounds, the nitrogen is directly linked with the 
carbon atom, whereas in the esters of nitrous acid, which 
also contain the nitro group, the nitrogen is linked to 
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oxygen. Thus, nitrobenzene and ethyl nitrite have the 
following structural formulae: 


CH 


/X 


HCj 

HCj 


CH 



CH,.CH,. 0 .N = 0 
Ethyl nitrite 


Nitrobenzene 

General Properties of Nitro Compounds. — 

Usually they are pale yellow substances, volatile in steam, 
insoluble in water but soluble in alcohol, ether, etc. On 
reduction in acid solution, they yield amines which are the 
starting materials for the preparation of various dyes. On 
heating, the nitro compounds are likely to explode, some of 
them being used as explosives (see below). The importance 
of nitro compounds is due to these two considerations. 

Nitrobenzene, C(jH5.N02. 

Preparation . — The quanbfy of benzene to be nitrated is 
weighed and taken in a large flask. An amount of cone. (sp. 
gr. 1-4) nitric acid (about times the theoretical amount) 
is mixed with the same volume of cone. H2SO^ in a separate 
vessel and the mixture cooled. The mixture of acids is 
added in small amounts to the benzene which is continuously 
shaken and cooled under a tap so that tlie temperature does 
not exceed 50°, a higher temperature favouring the formation 
of dinitrobenzene ■ When the whole of the mixture has been 
added, the reaction is completed by keeping it over a water 
bath between 50° — 60°, The mixture is cooled and the 
nitrobenzene, which floats as an oil, is separated with the 
help of a separating funnel. It is washed with water and 
then with dilute sodium carbonate solution, dried over fused 
CaCl2 and Altered. The dried liquid is distilled and the 
fraction between 204"^ and 207° is collected separately. The 
reaction takes place as follows: 

a -f HNO, = QH,.NO, + H.O; 

the concentrated sulphuric acid acts as a dehydrating agent. 

Properties and Uses , — Nitrobenzene is a pale yellow 
liquid with an odour gf bitter almonds, b.p. 206'^. It has a 
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sp. gr. of I 205 at 20®. It is soluble in alcohol and other 
organic solvents It is ;ised under the name of OU of 

MtrbMne as a cheap scent for soaps but mainly for the 
preparation of aniline. It is a poisonous substance and cases 
of fatal poisoning by nitrobenzene are on record. 

m-Dsnitr^benzeiie, C 4 H^(N 05 ),. — This can be prepared from 
nitrobenzene by the action of a mixture of strong^ nitnc and sulphu- 
ric acids and heating on a sand bath. On completion of the reaction 
and cooling, the m'dinitro compound separates out as a hard yellow 
cake, crystalline in nature, almost insoluble in water and volatile 
in steam. It is purified by recry'Stallization from alcohol, and fonns 
almost colourless plates or ne^les, m.p, 90". It is sometimes 
used as an explosive (D.N.B.). 

Nitration of Toluene 

Mononttrotoluciies, C,H^(CHJNOj — If toluene is nitrated in 
the same way as described in the case of benzene, the products 
obtained are ortho- and para-nttrotoluenes in almost equal quanti- 
ties. The para compound is .solid, m.p. 54®. and the ortho com- 
pound is hquid, b.p. 223*, at ordinary^ temperature. They can, 
therefore, be separated by freezing. The me ta -compound, m.p. 16°, 
cannot be ol)tained by the above process of nitration cf toluene but 
must be prepared by an indirect method which consists in nitrating a 
derivative of toluene in which the para position is alreadt' occupied. 

Diaitrocoiuenes, CtHj(CH,)(NO,),. — The nitration (^f thv 
naononitro toluenes yields the dinitro compounds in which th(‘ nilro 
groups usually occupy the positioas 2:4 to the methyl group 
(m.p. 70* ). 

Trinitrotoluene, C,H,(CIId (NO,),. — The nitro compound 
having the nitro groups in the positions 2:4:6 to the methyl gmup, 
obtained by the nitration of toluene, is known as T.Abj?'. and is a 
powerful explosive : m.p. 81"*. Amatol is the technical name given to 
T.N.T. mixed with a known proportion of ammonium nitrate, and 
is a high explosive. 

Position of Groaps entering the Nuclcut 

Certain empirical rules may be framed from a study of the 
known products regarding the relative positions taken up by Cb Br, 
NO, and SO,H groups while entering the nucleus. 

In presence of the groups Cl, Br, I, Nil,. OH or CH, already 
in the ring, para -compounds with varying amounts of ortho- 
compounds arc formed. 

Meta-compounds are the main products when one of the follow- 
ing groups are already preserit: 

NO,, COOH, SO,H, CHO, CO.CH, or CN 
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Reduction of Nitro Compounds 

When reduced in acid solution (Zn dust +‘acid) nitro 
compounds 3held amino compounds. In neutral solution 
(Zn dust or aluminium-mercury couple and water) the 
product is a hydroxylamine. In alkaline solution (Na-methy- 
late, Zn dust and NaOH, or SnCl2 and NaOH), azoxy-, 
azo- and hydrazo-compounds in successive steps are formed. 
The following equations will illustrate the above statements: 

Acid reduction: -f 3H, == -f 2 H ,0 

Nitro! >enzene Aniline 

Neutral reduction; C.H-.NO, + 2H, CJL.NH.OH -f ITO 

Phenylhydroxylamine 

Alkaline' reduction: 2r,H..NO, C H..N ^ N— C, H- 

H: ' II ^ ' H, 

O 

Azoxy benzene 

C,IP.N N.C,H, CJd^.NH.NH.C.H, 
Azobeuzene H. Hydra zobenzene 

At the catlwde of an electric cell, different reduction products 
liave been obtained by varying the conditions (electrolytic 
reduction). 

Aromatic Amino Compounds or Arylamines 

These compounds are derived from benzene and its 
deri\’atives by the substitution of the hydrogen atoms of the 
nucleus b}’ amino groups. According to the number of 
hydrogen atoms substituted, we have^mono-, di-, and tri- 
amino compounds. It may be noted that the term amino 
compound or aryl-amine is used instead of the term amine as 
there are certain differences between the beha^riour of these 
compounds and the aliphatic amines. Like the aliphatic 
amines, these divided into three classes: (i) primary 
amnes, e.g., aniline QH^.NH^, (2) secondary amines, e.g., 
di{^enylamine (CgH.Jo.NH, naethylaniline CgH5.NH.CH3 
(mixed amine), etc., and (3) tertiary amines, e.g., triphenyb 
amine (CgH5)3.N, dimethylaniline CgH^.N^Hg^o, etc. 

Preparation and Properties of Aromatic Amino^ Com. 
pounds — The preparation of a primary amine is carried out 
by the reduction of a nitro compound in acid solution by 
means of tin, zinc or iron with acetic or hydrochloric acid. 
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When {H^pared fresh, they are generally colouriess liquids or 
solids \^^th a peculiar odour ana can be distilled unchanged. 
The secondary and tertiary amines are prepared by heating 
under pressure in an autoclave a mixture of a primary amine 
and a halogen derivative of the hydrocarbon. 

The primary amines are very little soluble in water but 
dissolve easily in alcohol, ether, etc. The primary amines 
aPe weak bases and form water-soluble salts ^vith mineral 
acids but the secondary amines and tertiary amines are too 
weak bases to form stable water-soluble salts. 

The three types of amines differ in their action on 
nitrous acid, A primary amine when treated with nitrous 
acid in the oold gives a diazonium salt soluble in water. If, 
hovve\’er, the solution is wanned the diazonium salt breaks 
up into a phenol with the evolution of nitrogen: eg., 


lit 

C.H. NH, -f HO. NO -h HCI = C,H, - N.Cl -f 2ILO 
Aniline Diazonium salt 

C,H,N,C1 + HP = C.HPH 4* N, + HCI 
Phenol 

A secondary amine with nitrous acid yields a nitroso com- 
jx)und, a yellow oil insoluble in water: e.g., 

C,H,.NH.CH, *f HNO, = CJJ,.N(NO}.CH, + H.O 

Methylaniline Phenyl methyl nitrosamine 

A tertiary amine with nitrous acid gives a coloured nitrosa 
compound in which the nitroso group (NO) is linked with 
the benzene nucleus! e.g., 

C*H,.N(CH,), 4- UNO, = NO.C.H,.N(CH,), 4- H^O 
DimethylaniUne p-Nitroso dimethylanilinc 

When treated with acetyl chloride, primary and secondary 
amines yield anilides but the tertiary amine is without any 
action since the last available hydrogen atom of the amino 
group has been already replaced by a radical: e,g., 

C,H,.NH, + CHPOCI « C.H. NH.COCH, 4- HCI 
Aniline Acetanilide 

C,H,.NH(CH.) 4- CH.COCI = C,H,.N(CH,)COCH, 4- HCI 
Methyl aniline Acetyl methyl aniline 

(Methyl acetanilide) 
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Aniline, Andnobenzem, Phenylafnine, 

Preparation, — Aniline is prepared in the laboratory bjr 
reducing nitrobenzenje with tin and hydrochloric acid : 
CftH^.NO^ 3H2 = CfiHj-NHj -f 2H2O. A weighed 
quantity of nitrobenzene is taken in a round bottom flask, 
fitted with an air condenser, and about twice the weight of 
granulated tin is added, and the liquid is warmed on the 
water bath fon a few minutes. Concentrated HCI (about 4 
times the bulk of the nitrobenzene taken) is now added in 
10 c.c- lots to the above mixture, which is cooled between the- 
additions. When all the acid has been added, the flask is 
heated on the water bath for about an hour to complete the 
reduction. Anfline is then liberated from the double salt 
formed unth stannic chloride, (CgH^.NHg.HCl^j.SnCI^, by 
the addition of a solution of NaOH until the reaction is 
strongly alkaline, and it is next distilled off in a current of 
steam. The distillate is extracted with ether, the ethereal 
solution dehydrated with solid KOH, the ether recovered by 
distillation and the residual aniline purified by distillation. 

Properties, Reactio^vs and Uses. — Aniline is a poisonous, 
oily liquid wuth a faint peculiar odour. When distilled, it 
has a pale yellow colour but turns brown when exposed to 
light and air. It has a sp. gr. of 1022 at 20"*. It is sparingly 
soluble in water but is miscible with organic solvents such 
as alcohol, ether, etc. It boils at 184° and is volatile in 
steam. If burns with a smoky flame. It is a weak base 
and forms soluble salts with acids, e-g., aniline hydrochloride 
C,H,.NH,.HC 1 , aniline sulphate (C,H,NH.)2.H2SO„ etc. 

When aniline is heated with chloroform and alcoholic 
potash, phenyl isocyanide or phenylcarbylamine CgH^NCus; 
formed which is readily detected by its very offensive odour 
(carbylamine reaction ) ; 

CHCl, -f 3KOH -f C,H,.NH, == C,H,NC -f 3KCI + sH.O. 

A solution of bleaching powder or of sodium hypochlorite- 
gives with aniline an intense^ violet colour which turns brown- 
and then fades. When bromine-water is added to aniline- 
hydrochloride, there is a precipitate of S3nnmetrical tri- 
bromaniline, Q,H2Br3NHo* 

Diazo-reaction\ A few drops (8 or 10) of a dilute^ 
solution of sodium nitrite are added to a well-cooled solution 
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of aniline in dilute HCI and then a few drops of a solution 
of a-or ^-naphthol dissolved in NaOH are added; there is 
a bright scarlet colour due to the formation of benzene- 
azonaphthol: 

C.H,NH..HC1 + HNO, = CJI,N ; NC'l + ..ILO 

Diazolienrenp chloridf 

; NCI + C,,H,OH = ; N.C,„H/)ll + HCI 

Benzene-azo-naphtlud 

WTien aniline sulphate is heated at 180® -200”, siilphanilic 
acid is formed, the sulphonic acid group occupying the para 
position ; 

Cone, nitric acid usually decomposes aniline. If, however, 
aniline is treated with nitric acid in presence of cone, sulpluiric 
acid at a low ^temperature, mcta-miranillnc is formed. 
The ortho- and para-nitranilines are not obtained by direct 
nitration but can be produced by the nitration of acetanilide. 
Aniline is used in the preparation of various dyes, such 
as magenta, mauveine. safranine, etc., and it is also the 
starting material for many s>Tithetic drugs, the sulphanila- 
mide group being the most important one (see). 

Acetanilid«, Antijehrvi, C.,H, .NH-CO. Cl f. 

Thus is prepared by boiling anilinp with a mixture of glacial 
acetic acid and acetyl chloride under a reflux condenser. The mass 
is then poured into water and the precipitated acetanilide 
recrystallized from hot water. 

C.H.NH, -f CH,COCl - C.n NH CoCH, - TIC]. 

Acetanilide is a white cry^stalline solid used in medicine a^ an 
antipyretic, whence the name antifebrin. Tt melts at IT 4 *. 

Diazonium Salts and Diazo Compbunds 

When a primaty aliphatic amine is acted on by nitrous 
acid, nifax)gen is evolved and the corresponding alcohol is 
produced (see). When a primary aromatic amine is acted 
on by nitrous acid and warmed, nitrogen is evolved and a 
phenol is formed, the NH^ grodj^ being replaced by OH, e.g,, 

C.H,.NH,.HC1 + HNO, = CJipH + h\ -f HCI + H ,0 
Aniline hydrochloride Phenol 

If however, the aryl amine is acted on by nitrous acid in a 
well-cooled solution, an intermediate compound, known as 
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diazonium sail, is formed and the process is known as 
diazoitzalion, e.g., 

C.H,.NH,.HC1 + HNO, = QH..N(C1J • N + zH O 
Aniline hydrochloride. Benzene diazonium chloride 

The diazonium salt is known to possess the formula 


any acid radical, such as Cl Br 

NO3, SO3H, etc. 

Diazodzadon. The primaiy amine is dissolved in 
excess of HCl and the solution cooled to o°C. A cooled 
solution of sodium nitrite is added slowly drop bv drop 
and any excess of free nitrous acid is avoided by testing 
with starch-iodide paper. It is not usual to isolate the salt 
thus formed as it is likely to explode when dry. The reac- 
tion has been shown above with an equation. 

The acid salts of the diazonium compounds are mostly 
crystalline, colourless bodies, easily soluble in water but not 
in alcohol. The dry salts explode violently when heated or 
even struck. 


The radical diazonium is monovalent and is comparable 
o aanmonmm in which one hydrogen atom is replaced by 
he CjH, poup and the other 3 hydrogen atoms are replaced 
by a tn valent nitrogen: 

C,H, — N — 

/i\ |M 

I I H I f 

Aminoniuni Diazonium 


Like ammonium, it can form hydroxide, chloride, 
nitrate, etc., and the salts ionize in solution; t\g. 


bromide. 


C,H,.N.C1 C„IL,N— -f cr. 


N N 

Unlike ammonium hyduoxide, however, diazonium com. 
pounds act as amphoteric electrolytes. Thus, with caustic 
alkalies, they form salts knwn as diazotates: 

CchfsN(Cl)N -f aNaOH = Cj,HjN:N.ONa -f NaCl -j- K^O 
l^ese diazotates are stable salts and occur in two forms 
showmg gcomeirkal isomerism, known as syn^ and antu 
diazotates. 
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The diazonium compounds are iohizable and differ from 
diazo compounds which contain the group — N : N — and are 
not ionizaole. Examples of diazo compounds are, diazo- 
-aminobenzene C^H^.N : N.NH.C^H^, diazoamino toluene 
C,H3.N:N.NH.C,H,.CH3, etc. 

Reactions of Diazonium Salts. — The diazo reaction 
has been very useful for the preparation of various aromatic 
■compounds, specially in the synthesis of azo dyes. A few 
reactions of theoretical interest are mentioned below and 
:since the diazonium salt is prepared from a primary amine, 
each reaction shows the replacement of an amino group by 
the corresponding radical: 

1. Replacement of a diazonium- group by a hydroxyl 
group. — If an aqueous solution of a diazonium compound 
is warmed, nitrogen is evolved and a phenol is formed, 

C.H..N(Cl) ; N 4- Hfi = C.H,.OH + N, + HCl 

2. Replacement of the diazonium group by hydrogen. 
— If a diazobenzene salt is boiled with absolute alcohol, the 
diazo group is replaced by hydrogen and the alcohol is 
oxidized to aldehyde: e.g., 

C.HjN(Cl} : N -f C.HjOH = C.H. + HCI 4 N, -f CH,CHO 

3. Replacement of the diazonium group by a cyanogen 
group. — This is done by adding diazobenzene chloride solu- 
tion to a solution of cuprous cyanide in potassium cyanide 
.and warming (Sandmeyer's Reaction): e.g-, 

C,H,N{C1) ; N 4 CuCN - C,H,.CN 4 N, 4 CuCl 

4. Replacement of the diazonium group by halogens . — 
When a diazonium comp)ound is added to a concentrated 
:solution of cuprous chloride in HCl and warmed, nitrogen 
is evolved and the diazo group is replaced by chlorine: e.g., 

C.H,N(a) N 4 CuCI - C,HX1 4 N, 4 CuCl. 

Warming with cuprous bromide in hydrobromic acid gives 
a bromo ckrivative and warming of the diazonium compound 
with potassium iodide gives the iodo compound {Sandmeyer's 
Reaction ) ! 

C.H.N(Q) N 4 KI = C.HJ 4 KCl 4 N.. 
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Phenylhydrazin6> CgHs.NH.NHa 

This important compound is prepared by reducing 
benzene diazonium chloride with stannous chloride in HCl : 

C.H,N(C1) : N + 4H = C,H,.NH.NH,.HC1. 

The phenylhydrazine hydrochloride is filtered off, the base 
liberated with NaOH and extracted with ether. The ether 
is removed by evaporation and the phenylhydrazine purified 
by distillation under reduced pressure. 

When freshly distilled, phenylhydrazine is a colourless 
liquid, b.p. 243°. On keeping it gradually turns brown. It is 
only sparingly soluble in water but dissolves easily in alcohol 
and ether. It is a strong base ana forms salts with acids 
which dissolve in water and crystallize well. It reacts readily 
with aldehydes and ketones giving phenylhydrazones. It 
reacts with sugars giving hydrazones and osazones (see). 
Many substituted phenylhydrazines are also used in the 
identification of sugars. Besides the use of phenylhydrazine 
as a reagent it largely used in the preparation of antipyrine. 

Antipyrine, i-Phenyl-z \ ydimethyl-^-pyrazoloyie. — This is a 
heterocyclic compound prepared by the condensation of phenyl- 
hydrazine with ethylacetoacetate, and the product so obtained is 
methylated with methyl iodide: 

C.Hj.NH.NH, +CH,.CO.CH,.COOC,H, c.H,.N.CO.CH, 

(1) ( 5 ) (4) li = C.CH,. 

C,H,.N.CO.CH 

^ ! II 

CH,I CH,.N. C.CH, 

(2) ( 3 ) 

Antipyrine 

It is thus a derivative of pyrazole, a heterocyclic compound having 
the structure N = CH — CH. Antipyrine is a colourless crystalline 

I II 

NH CH 

'substance, soluble in water and alcohol, m.p. 113”. It is a monacid 
base and forms salts, most of which are soluble in water. Its aqueous 
solution gives a red colour with ferric chloride and a green colour 
with nitrous acid. It has a marked analgesic action and is a very 
■useful antipyretic. SaUpyrine (antipyrine salicylate) and pyramidone 
{4-dimethylammo antipyrine) are some of its derivatives used in 
medicine. 

AZO COMPOUNDS 

The group — N = N — is characteristic of both diazo com. 
pounds mentioned above as well as for azo compounds. In 
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azo compounds, each of the doubly linked nitrogen atoms is 
attached to a benzene nucleus and hence these azo compounds 
are more stable than the diazo compounds in which at least 
one of the doubly linked nitrogen atoms is not so 
attached: e.g., 

C,H,-N == CJh-N N-NH.C,IL 

wAzobonzene Duizoaininohi'n/.^ne 

The diazonium salts react with aromatic amines, phenols, 
etc., and produce azo compounds some of which have proved 
to be valuable dyes. This process is generally known as 
coupling', e.g., benzene diazonium chloride coupled wath 
m-phenylene diamine gives diaminoazobenzene hydro- 
chloride, known as chrysoidine, used in dyeing wool and silk : 

C.H,.N(C1)N -f C\H,(N1L), C,FI,.N : N.C 

Again, benzene dazonium chloride coupled with phenol gives 
hydroxyazobenzene : 

C,H,.N(a)N -f CJL.OH - CTL.N:N-CJI,.OH 

Azobenzene, CJI. — N ~ N — C'ilL 

This may Ik' prepared by the reduction of nitrotxmzene by zinc 
dust and NaOH : 2 C\R ^ N:N — -f* 4H,0; 

or, the action of iron filings upon azoxybenzene, the lattitr being 
obtained by the reduction of nitrobenzene with sodium methylate: 

() 

|! 

-f To - CJL.N ;N.Cjr -h FK) 

Azoxy benzene 

.Azobenzene is reduced to hydrazolx^nzcnc CJI. .NH.NH. C.Hj by 
zinc dust and NaOH. It breaks up into aniline when rcduc-e<l with 
SnClj and HCT. Hydrazohenzene undergoes a curious intramolecular 
change when it is treated first ia the cold and then warmed with HCl: 

C,H,.NH.NH.C,h 1 NH. QH,. ( ,H, Nil, 

Hydrazobenzene Renzidin^ 

This process is known as the benzidine conversion. Benzidine is a 
valuable substance for the preparation of certain dyes. 

Aro Dyes 

The azo dyes are prepared from a diazotized amine coupled with 
amines, phenols, etc Apart from their use as dyes, sense are used 
as indicators. Examples of azo dyes and indicators are chrysoidinc, 
methyl orange, Biebrich scarlet, Congo red, Sudan III, etc. 



CHAPTER XXIV 

SULPHONIC ACIDS AND PHENOLS 


Aromatic Sulphonic Acids 


A characteristic property of the aromatic hydrocarbons 
is to form sulphonic acids when acted upon by concentrated 
sulphuric acid. These acids are derivatives of sulphuric acid, 
the OH group of which is replaced by an aryl radical. The 
carbon atom of a benzene ring is in this case directly linked 
with the sulphur atom whereas in the case of the sulphuric 
acid esters the carbon atom is linked with sulphur ihrough 
an atom of oxygen : 


HC|| 

!1 


CH O 

II 

C— S 


O 


CH 


c» 

Benzene sulphonic acid 


CH3.CH, — O — S — OH 

II 

o 

Ethyl hydrogen sulphate 


The monovalent group — SO2.OH or SOaH, known as the 
sulphonic ^zcid group, is introduced into the nucleus by 
agitating an aromatic hydrocarbon with concentrated sul- 
phuric acid, and the process is known as sulphonation : 

C.H, -f H3SO* =CeH,.SO,H + H,0 


When the sulphonation of a l^drocarbon like benzene is 
carried out more energetically wdth fuming sulj>huric aoid, 
we may get ortho-, meta-and paidi-disulphonic adds or even 
hisulphonic acids. 


" The sulphonic acids are usually soluble in water and 
have a strong acid (reaction, the hydrogen atom of the 
sulphonic acid group being replaceable by metals forming 
salts. Their basicity depends upon the number of SO,H 
groups present. When heated to a high temperature, they 
decompose and they do not show any sharp melting points* 

19 
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When fused with caustic potash, they yield phenols in 
the form of alkali phenates from which the free phenols can 
be obtained by treatment with a mineral acid: e.g., 

C,H,.S0,H4-2K0H C,IL.()K4-KHS0,4-H:0 

It is important to note, therefore, that phenols can be 
prepared from benzene through the sulphonic acids as well 
, as through the nitro compounds. When distilled with 
potassium c}^nide the sulphonic acids yield nitriles ; e.g., 

C.H,.SO,H-fKCN == C,H,.CN-fKHSO, 

For other reactions of sulphonic acids, see benzene sulphonic 
acid. 


Benzene sulphonic Acid, C,H,.S()3H 

Preparation — This is easily prepared in the laboratory 
by gradually adding benzene (30g,) in small quantities to 
fuming sulphuric acid (120 g.) kept in a round bottomed flask 
fitted with a reflux condenser. The flask is cooled after each 
addition and after the reaction is complete the mass is poured 
into an excess of water (500 c.c.). The solution is neutra- 
lized with f)owdcred BaCO^- warmed and filtered hot. The 
filtrate is concentrated and cooled when the barium salt- 
crystallizes out. It is purified by recrystallization from hot 
water. The barium salt is treated with the calculated 
quantity of dilute sulphuric acid and the BaSO.^ filtered off. 
The sulphonic acid is obtained by evaporating the solution. 

Properties and Reactions — Benzene sulphonic add is a 
colourless hygroscopic solid, m.p. 5o\ Its aqueous solution 
IS strongly acid in reaction and forms salts with metals, the 
barium, calcium and lead ^ts being soluble in water, Oa 
heating it is decomposed. On heating with conc. HCl at 
150* it is decomposed into benzene and sulphuric acid: 
C.H,.SO,H -f + 

When fused with an alkali it gives phenol as its alkali salt 
ftxmi which the free |Aenol can be regenerated with a mioerai 
acid : 

C.H,.SO,K-f2K6H «C.H,.OK-fK,SO,H-H.O 
QH,.0K+HC1 =C.H,.OH + Ka 
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When distilled with KCN it gives .benzonitrile: 

C,H,.SO,K-fKCN =C.lL.CN + K,SO, 

Benzonitrile on hydrolysis gives benzoic acid, and the 
method, therefore, ehables the introduction of COOH group 
into the benzene nucleus through the sulphonic acid : 
QH^ CN — CgH^.COOH. The COOH group can also 
be introduced directly by fusing the potassium salt of 
sulphonic acid with potassium formate when potassium 
benzoate is formed: 

C,H,.SOJv C,H,.COOK 

H.COOK 

When heated with phosphorus pentachloride, it gives 
benzene sulphonic chloride: ^ 

C,H,.SO,OH+ PCI =C,H5.SO,.Cl + POCh + HCl 

When benzene sulphonic chloride is treated with ammonia, 
it gives benzene sulphonamide : 

C,H3.S0,,C14-NH, =C.H,.S0,.NH,4-HC1 

Benzene sulphonic chloride also reacts with primary and 
secondary amines giving sulphonamides, and it is therefore 
used for differentiating between the three types of amines 
(see aliphatic amines). 

Toluene sulphonic Acids 

The ortho- and para-toluene sulphonic acids are obtained 
by the direct sulprionation of toluene, and these are the 
starting materials for the two important compounds described 
below. 

CH 

HC^\c— CO. 

Saccharin, o-Sulphobenzoimide, | ^NH 

CH 

Preparation , — The mixture of 0- and p-toluene sulphonic 
acids obtained by the sulphonation of toluene is treated with 
phosphorus pentachloride which gives a mixture of o- and p- 
toluene sulphonic chlorides. The ©rtho compound which is 
a liquid is then separated fvom the para compound which is 
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solid. The ortho toliicne sulphonic chloride is treated with ammonia 
under pressure when o-toluone sulphonamidc is formed. The amide 
is oxidized with alkaline potassium permanganate to osulphamido- 
benzoic acid, and the ammonium salt of this acid gives saccharin 
on heating: 


C.H, 


CH, 


SO„OH 


/CH. , /CH, 

c.H,( 

^sori \ 


C.H, 


COOH 


SO.NH, 


SO.-NH^ 

/COONH, .CO V 

c.h/ — \nh 

^SO.NH, ^SO / 


Properties . — Saccharin is a colourless crystalline solid, m p. 
227'. It is about 500 times sweeter than cane sugar and is us^ 
as a sw’eetening agent for diabetics and obese persons. It is 

sparingly soluble in cold water (i in 232) but fairly soluble in 

boiling w'ater (i in 30) Sodium saccharin, the sodium salt, 

/CO\ 

Cj,H. N.Na, which is easily soluble in water, is about 

400 times sweeter than cane sugar. The ammonium salt, known 
as Sucramine, is about 700 times sweeter than cane sugar, ^ 

Chloramme T. — This is a powerful antiseptic prepared by 
the action of sodium hyprochlorite upon p-tolueoe sulpnonamide 
obtained by the action' of ammonia upon p-toluene sulphonic 

chloride described above: 


/CH, 

C.H, ( — 

^ 50 , Cl 

p-Toluenc 
sulphonic chloride 


/ 

\ 


CH. 

►C.H. 

SO.NH, 


/ 

\ 


CH, 

SO,.NHCl 

/CH, 

C.H,/ /Cl 
\S 0 ,.N\ 

Na 

ChloramiDe T 


Sulphanilic Acid, p-Armnobeme7te sulphonic Acid, 


H,N— 


/ \ 

\ / 


— SOj.OH 


Preparation . — Concentrated sulphuric acid (8o g.) Is 
taken in a round bottom flask, and aniline (25 g.) is gradually 
added. The flask is then heated over an oil bath at 180* — 
190“ for 4 to 5 hours and the product poured gi^uallyinto 
an excess of water. The precipitated sulphsmilic acid is 
filtered off and recrystaDized from hot wate. 
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Properties, Reactions and Uses — This is a colourless 
crystalline substance which has no definite melting point. It 
is sparingly soluble in cold water but more so in hot. It is 
used as a reagent but mainly as the starting material for 
various dyes and drugs. 

Sulphanilamide or Sulphonamide Group of Drugs 

As in the case of benzene sulphonic acid, the OH group 
of the sulphonic acid radical in sulphanilic acid can be re- 
placed by an amino group giving sulpha nilamide (see bdow). 
Sulphanilamide and its numerous derivatives containing a 
sulphur atom in the para position to the amino group have 
proved to be valuable"' internal antiseptics and are used in 
the treatment of diseases produced by infection with strepto- 
coccus, staphylococcus, pneumococcus, gonococcus, etc. This 
discovery of the treatment of bacterial diseases by synthetic 
chemotherapeutic compounds "have opened out immense 
possibilities, and has earned the Nobel Prize for Doraagk in 
1939. Innumerable substituted sulphonamides have been 
synthesized, and the following are only a few of the important 
compounds used in medicine. For tests and other informa- 
tions see Chapter 35 


I. Sulphanil&mide, p-Aminobenzene sulphonamide, Prontosil 
album, Streptocidc, etc. 



\ 


— SO,.NH, 


This is prepared by the hydrolysis of the amide of acetyl 
sulphanilic acid with HCl ; a white crystalline powder, m.p. i64'5'" to 
166-5°, having a slightly bitter with a sweet after-taste ; insoluble ia 
ether, chloroform or benzene. One gram dissolves in 115 c.c. water, 
in 37 c.c. alcohol, and in 5 c.c. acetone at 25"* ; easily soluble in 
boiling water, soluble in glycerol, in aqueous HCl (i in 10 of dil.) 
and in aqueous NaOH (i in 5 of 10 per cent). According to 
it can be estimated by dissolving it m dilute HCl and titrating at 
a temperature below 15° with M/io solution of sodium nitrite, 
using starch-iodide paste as indicator. Each c.c. of M/io sodium 
nitrite is equivalent to 0*01722 g of C,HaOjN,S. It is active against 
haemolytic streptococci, but relatively feebly active against 
pneumococci and meningococci. 
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Sulph«ccf amide, p-Apniftobefizene suipjiofwcetaniide, 
H^N.C^H^,S<^X.N1LC0,CH5 ; Prepared by the acetylation of 
sulphanilamide with acetic anhydride. It is a white or yellowish 
white cr>^staHiue powder with a slightly saline and an acid taste ; 
m.p. i8i“— 184’ ; soluble in 150 jjarts of water and in 15 parts 
of alcohol at 20“ : insoluble in ether but soluble in 7 parts of 
acetone : soluble in mineral acids and in solutions of alkali 
carbonates ; used in eve infections ; assayed as in sulpbanilamid^. 
each c.c. of M/io NaNo, being equivalent, to 0‘02i42 g of 

SHlphafftarntde Sodium or Soluble Sulphacetnmide . is a 
white or yellowish white micro ciy'stalline j>o\vder with a slightly 
bitter taste: soluble in 1-5 parts of water at i5‘5‘'C, sparingly 

soluble in alcohol and in acetone. 

I 

Sutphathiizote, 2~{P’Am\noheuzene sulphonamidoi-thiaiol^ 

N CH 

„„ y \ * II II 

\ / 

\/ 

s 

This is prepared by the action of p-acetamidobenzene sulphonyl 
chloride upon 2-aminothiazolf and subsequent hydrolysis of the 
acetyl group. It i.s a white or vellowish white ta'^teless powder, 

m.p. 200* — 203* ; it is only slightly sojubJe in water or alcohol 

but dissolves easily in dilute mineral acids and in solutioas of 
alkali hydroxides and carbonates. The compound is active against 
pneumococcus, meningococcus, gonococcus, staphylococcus and 
plague l>acillus. Sulphathiazole is assayed in the same w^ay as 
sulphanilamide. each c.c, of M/io NaNO^ being equivalent to 
<502553 g. of C,H,rXN,S,. 

Sulphathiazole Sodiut^i or Soluble Sulphathiazole . is the penta- 
hydrate of the sodium derivative of sulphathiazole, the Na atom 
replacing the H atom of the — SO,.NH — group. It is soluble in 
alx>ut 3 parts of water and in about 20 part6 0/ 95 j>er cent alcohol 
at 15 5*C. 

2 fa). Succinyl Sulphithiazole. 

N CH 

II II 

HOOC CH.-CfC.CO.NH C,H* SO,.NH,C C.ITO 

' \/ 
s 

Prepared by condensing sulphathiazole with succinic aCid : a 
white or yellowish white crystalline powder, m.p. 188* — 195* ; very 
sparingly soluble in water, alcohol and acetone ; soluble in dib 
caustic alkalies and in solutions of sodium bicarbonate with evolu* 
tion of CO3 ; used in bacillary dysentery and cholera. 
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3. Sulphadiazine, Sulphapyrhrndine, 2-(p- Amiiiobenzetie 
phona^nido)-pyriimdine 


N = CH 

/ \ I I 

H.N-C SO,.NH--C. CH 

' \ / I' II 

N - CH 


sul^ 


This is prepared by the action of p-acetamidobenzene sulphonyl 
chloride upon 2-nininopvrimidine and subeeguent hydrolysis of the 
acetr^’l group with dil. KaOH. It is a wnite or yellowish white 
tasteless powder, m.p. 232° — 256“ ; scarcely soluble in water at 25*, 
sparingly soluble in alcohol and in acetone ; soluble in dilnte 
mineral acids and in aqueous 5 yoIutions* of alkali hydroxides. The 
action is similar to that of sulphathiazole but is less toxic. It is 
assayed in the same manner as sulphanilamide, each c.c. of M/io 
NaNO. being equivalent to 0 02503 g of Cjt^HK^OjN^S. 


Sulphadiarine SodiUm or Soluble Sulphadiazine is the sodiuna 
derivative of sulphadiazine in which the H atom of — SOj.NH — 
is replaced by Na. It is soluble in about 2 parts of water at 25* 
and ic sparingly soluble in 95 per cent alcohol. 


31a) Sulphamerazine or 2~Suiphanilamido — 4-methyl pyrimidine. 

N — C(CH3) 

II II 

H,N.C IT.SO .NH— C CH 

■ ' ■ II 

N = CH 

This monoracthyl derivative of sulphadiazine is a white crystalline 
powder, very slightly coluble in water (1:4500), readily soluble in 
dil. acids and alkaline hydroxides. It is stated to exert potent 
bacterio.static and bactericidal effects on the group of cocci and in 
certain other organisms including plague bacillus. 

4. Sulphaguanidine, p-Aminohenzene sulphonyl guanidine 
monohydrate, 

y V NH 

H N— ^ SO,— NH— €< . H ,0 

\ / ' NH, 

This is prepared by fusing dicyandiamide with p-aminobenzeno 
sulphonemide. It is a colourless, tasteless crystalline powder, 
which slowly darkens on exposure to light, m.p. 190* — 192‘5* 
(anhydrous) ; only slightly soluble in water (i in 1000 at 25*). 
soluble in boiling water (i in 10), sparingly soluble in alcohol and 
in acetone : easily soluble in dilute miner^ acids but insoluble in 
aqueous solutions of alkali hydroxides. It is active against bacillary 
dysenter>3 cholera and infections of the lower bowel. Assayed as 
in sulphanilamide. each c c. of M/io NaNO, being equivalent to 
002142 g. of C.Hj^jOjN^S. 
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A study of these substituted sulphonamides has shown 
that of the three types of H atoms present in the sulphona* 
mide molecule, viz., 4 nudear. 2 ammo and 2 sulphonaraido 
H atoms, only the substitution of the sulphonamtdh hydrogen 
aloms yietds a variety of derivatives of medicinal value, as 
will also be apparent from the structure of some of the active 
compounds described above. 

These drugs are not bactericidal^hnt bacteriostatic, that 
is, they do not kill the bacteria but prevent their multiplica- 
tion until the natural defence mechanism of the body is able 
to ovwcome them. And it has been found that the treatment 
succeeds best if a high concentration of the drug in the blood 
stream is produced as quickly as possible with a large initial 
dose, or the bacteria become sulphonamide resistant. 

N.B. A similar group of synthetic drugs, the aromatic 
sulphones (cf. p. 132), have shown bacteriostatic action against 
tuberculosis and leprosy. Thus, Promin or pp' — Diammo-diphenyl 
sulphone — WN' — didextfose sodium suiphonate, Diasonc or 
Disodtvm formaldehyde sulphoxylate diammo diphenyl suiphone, 
and Promirole or .\,2'-Diamtno phenyl — 5 ' — thiazolyl sulphone, are 
stated to have been u.sed in tuberculosis and leprosy with moderate 
sioccess. 

Some Arsenic Compounds Used in Medicine 

Arsanilic Acid, [^-Aminophenylar sonic Ac\d 

/OH 

NH,-( \_As = O 
\oH 

^This^ is orepared by heating aniline with arsenic acid to 
I9o''-200^ The monogodium salt is known as atoxyl, 
NH3.C^H,.AsO(OH){ONa). Atoxyl has a marked curative action in 
cases of trypanogomiasis, syphilis, etc., but unfortunately' it is 
cumulative in action and liable to cause blindness. Its u«e has been 
largely replaced by derivatives of trivalent arsenic «uch as salvarsan, 
etc. The acetvl derivative of arsanilic acid is known as arsacetin. 
CH,C0.NH.C.H,.A60(0H).(0Na).5H,0 ; this is less toxic than 
atoxyl, and Is prepared by the action of acetic anhydride on arsanilic 
acid- 

Ctrbartone, Amibiarson, 4-^Carbamtdo-phenyl~arsonic Acid 
NH,.CO.NH.C,H,.AsO(OH),. 

Thig is a white crystalline solid, m.p. 174*. It is stable in air. 
almost insoluble in water, but sdluble in aqueous alkalies. It is 
used for the treatment of amoebic dysentery^ and giardiasis. It 
contains about 29 per cent of arsenic. 
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Salvarsan, Ehrlich 606. Dihydrochloride of 5:5' -diamino-^: 
dihydroxy 'arsenobenzene . 

This compound was discovered by Ehrlich and Hata. Tko 
diiferent steps in its synthesis are as follows : — 

C,H,.OH HO.C,H,.AsO(OH 5 , ^ 

Arsenic acid p-Hydroxyphenyl Nitric acid 

arson ic acid 

oh/ /asO(OH), Reduction ho/ \_as = A^/ 

\ / \ 

NO, H,N NH. 

3-N}tro-4 “hydroxy phenyl 3 ; 3' — Diamino — 4 ; 4' — dihydroxy-arseao- 

arsonic acid benzene 

The free base is a pale yellow powder, soluble in dilute HCI oc 
NaOH. The dihydrochloride is used in the treatment of syphilis and 
other affections. Its solution is slightly acid in reaction and has 
to be neutralized before injection. It contains 30 per cent of 
Arsenic although theoretically it should contain 33 6 per cent. 

NeosalvarsaO) Ehrlich 914, Sodiuw-^:^ -diamino-4 : 4^ 
-dihydroxy arsenobenzene-N-methylene sulphoxylate. 

Hq/ / —As = As—/ \oH 

H.N NH.CH,O.SONa 

This is obtained by treating salvarsan with sodiam 
fomialdehyde sulphoxylate. It is a pale yellow powder, soluble ia 
water giving a neutral solution, and it i6 owing to this advantage 
that it has largely superseded salvarsan in clinical use. It contaias 
about 20 per cent of arsenic. 

For teste, etc., see Toxicology (pp, 564 — 566). 

Some Pentavalent Antimony Compounds used ki 
Medicine 

It has been mentioned earlier that the trivalent antimony 
compound sodium antimonyl tartrate has been found to be 
useful in the treatment of Kala^azar. The pentavalent anti- 
mony compounds, similar to the corresponding arsenic 
compounds have, however, proved to be more potent in the 
treatment of this disease, and several compounds have been 
synthesized and tried. Only a few of the important com- 
pounds are mentioned below: — 
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1. Urea Stibamtne (Brahniacbari). 

Its active component is probably carbamide-^: 

dL<ttbonic and. 

2 . Stibostn, zfon Heyden ^ 7 / m CJtloro- p-acetyl-ainino-pbenyl 
stibonaie 0 / sodtitm. 


CH,CO.NU<^ 


■\ 

/■ 


'|.0(<)nUONal 


Cl 


, V Neo-stibosan, lu^n Ihydtn opj?, p-Diethylamitw phenyl 
stibonatr of sodium. 


{C,H5,N 


\ 


ShO(OH',(ONa) 


Colustibosan, Stthatin, Sodiuw antiftiony gluconate: A 

pentavalent antimony compound of bexonic acid; white powder, 
soluble in water; forms a stable solution; toxicity low; used in 
Itala-^azar 

5. Anthiomali nc , Luhiuni antitnnriy thiomalate: a 6 per cent 
solution is u=cd in filariasis, bilbarziasis. leishmaniasis, and 
lymphogranuloma inpuianale. 

N.B, Besides the atiovT antimony compounds, some aromatic 
diaf*itdtn{ s (cf. amidincs, p. 257) have come into use in the 
treatment of kila-azar and trypanosomiasis ; for example, 

(i) Stilbamidtnc 4 : ^^-Diawidiuo stiibcne, 4. 4^-Dicirnidino 
diphenyl ethylene, M. & B. J44, 

{ii) Pentamidine, 4 . 4 — Diamidino diphenoxypentane, M. < 5 : B. 
800,, 

-o-(CH.), _o— C.H.-C 

(m) PfOptmidinc, 4 ; ^"-Diamidino diphcnoxypropanc, M. & B. 
782. 

> c-c . 1 1 ,-o- (CH J 

These compounds, used as salts of /9-hydroxy ethane sulpboiic 
acid are white powders, readily soluble in water. 

Natural Antibiotica 

These are organic compounds which are produced bjr 
moulds, lactefia, actinomyces, etc. They prevent the multi- 
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plication of micro-organisms responsible for various types 
of infection, and have recently come into use in medicine- 
A large number of these antibiotics have been isolated, e.g., 
the different Penicillins from Penicillium noiatum, P. chryso- 
genum, etc., Streptomycin from Actinomyces griseus, Oava- 
cin from Aspergillus clavatus, Tyrothricin (gramicidin) from 
Bacillus brevis, Streptothricin from Actinomyces lavendulae, 
and so on. 


PENICILLINS 

At least seven penicillins are now known. They 
are strong monobasic acids forming crystalline sodium and 
calcium salts- The following basic structural formula is 
suggested for them: 

OC N Cl I .COOH 

R.CO.NII.IIC CU S C. (CH3)2 


Table showing the names, side chains and activities of 
the penicillins (Goodall & Le\n, Analyst, 1947). 


Name 

1 

1 

j Side Chain 

1 (R) 

1 

1 .Activity per mg. 

Ratio 

b 

British 

Ameri^.an 

i against j against 
IB.subtilis S. aureus 

! 1 

(a) (b) 

I 

F 

A 2 -pentenyl 

97o 

' 1550 

‘0.63 

IT 

G 

( CH 2 .CH:CH.CH 2 . 
CH 3 ) 

Benzyl 

1667 

1 i 667 

.1.0 

IIT 

X 

(-CH2.CeH5) 

p-hydroxybenzyl 

800 

j 

1 9oo 

0.89 

K 

1 

1 

K 

(-CH2.C6H4.0H) 

! n-heptyl 

7oo 

1 

2300 

0.30 

IV, vn 
& VII/ 

— 

(-CH2.(CH2)5.CH3) 

unknown 

unknown 

unknown 

— 
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Streptomycin 

This is obtained from Actinomyces grisem; has lately 
attracted much attention on account of its relatively lower 
toxicity to animals and greater antibiotic activity particular- 
ly against tubercle and plague bacilli. 

Streptomycin is an organic nitrogenous base* soluble in 
water, and has been obtained in crystalline form. Its 
empirical formula is The following structural 

formula has been suggested by Kuehl et al (J.A.C.S., 
1947 )*- 


HN=C~NHa 


NK 

L 

HO.Cfl CH- 


-O- 


-CH 


NHa 

<1— N H- 


o. 


HC- 


CH CH.OH 

\/ 

CH 

I 

OH 






XH 


o=c-i:.on 

1 I 


1 

H 

CH 

1 HjC—^N — CH 


O 


HO 


HC.OH 

i-H 

■i" 

UliOH 


PHENOLS 


The name phenol is given to a hydroxy derivative of an 
aromatic hydrocarbon in which a hydrogen atom of the 
nucleus (ring) is replaced by OH The phenols are acidic 
in nature since the OH group attached to a carbon atom of 
the ring is acidic owing to the negative nature of the phenyl 
radical. When the OH group enters the side chain and is 
attached to an alkyl radical, as in aromatic alcohols, it is 
alcoholic in nature. Thus the position of the OH group 
distinguishes a phenol from an aromatic alcohol, e.g., 
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CH 

CH 

HC 



HC 1 

* jlcH 

Hti ' 


\ 

/ 



HC 

CH 


Phenol 

(OH in nucleus) 


C.CH 2 OH 


Aromatic alcohol 
(OH in side chain) 


TTie phenols are classified acccording to the number of 
hydroxyl gTX)up>s which are directly united with the carbon 
atom of the nucleus. Carbolic acid or monohydroxy benzene 
may be mentioned as a ntonohydfic phenol, resorcinol and 
its two isomers as dihydric phenols and phloroglucinol and 
its two isomers as trihydric phenols. All the six hydrogen 
atoms of benzene may be replaced by OH groups. 

C,H.(OH) C.H,(OH), ' C.H,(OH), 

Monohydric phenol Dihydric phenol Trihydric phenol 


Many of the phenols are found in the products of the 
destructive distillation of coah turf, wood, etc., particularly 
the former. Some complex phenols are found in plants, e,g,, 
th>nnol in Ptychotis ajowan D.C., carvacrol in Thymus 
vulgaris L., eugenol in Pimenta officinalis LindJ., and so on. 
Phenol sulphonic acid is excreted in the urine. 


General Methods of Preparation of Phenols 

(1) By the action of nitrous acid on an amino compound 
and warming: e.g., 

C.Hj.NH, + HNO, =r C,H,.OH -f N, -h H,0 

I 

Phenols can thus be prepared from benzene through the 
nifro and amino compounds. 

(2) By fusing sulphonic acids or their salts with 
caustic alkalies: e.g., 

C.H,.SO,K + 2 KOH =C.H,.OK + K,SO, +H,0 
C.Hj.OK + H,SO. = C.H,.OH + KHSO. 

Phenols can thus be prepared from benzene through th* 
sulphonic acids- 
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General Properties and Reactions of Phenols 

Most of the phenols are soluble in water and alcohol, and 
usually volatilize in steaan; many of them have a strong anti- 
septic action. They are mostly colourless and crj^talline 
and possess characteristic odours. 

The acidic character of the phenols is shown by the 
formation of salts with alkali hydroxides. These salts are 
known as phenates or phenoxidcs (c/., ethoxide or 
alcoholate). Carbon dioxide reacts with sodium or potas- 
sium phenoxide forming hydroxy acids {e.g-, salicylic acid). 
When heated with zinc dust the phenols are reduced to 
hydrocarbons : 

CjHjOH -+* Zn tta "4“ ZnO. 

Like the alcohols, th^ fonn ethers such as anisole or 
methyl-phenyl ether C^Hjj.O.CH, and diphenyl ether 
They also form esters such as phenyl acetate 
C^H^O.CO.CHj. With ferric salts, the phenols usually giw 
a colouration. With mercury nitrate containing nitrous acid 
a red colour is generally produced. Phenols when warmed 
with concentrated sulphuric acid and a small crystal of a 
nitrite added, give blue or green colouration which turns to 
red on the addition of water and again becomes green on 
adding NaOH or NH^OH solution [Liebermanns reaction). 
Phenols react with diazonium salts to form azo dyes. 

Phenof, Hydroxy benzene. Carbolic Acid. CgH^-OH 
Synthesis 

(1) From benzene sulphonic acid. — Benzene is con- 
verted into its sulphonic acid. The sodium salt of the 
sulphonic acid is then fused with NaOH and Na-phenate is 
obtained. The free phenol is liberated with the help of a 
mineral acid and the phenol which separates out is purified 
by distillation: 

C - C.H.SO.H 4- H,0 

O.RSO,Na + 2 NaOH « C.H,.ONa + Na,SO, ^ H-O 

2C,li,.ONa 4- - 2C.H,.0H + 

(2) From .-—Chlorobenzene is heated to 

350° under very high pressure with NaOH solution in 
which some diphenyl ethe^ is added and the chlorine atom 
is replaced by ONa. The phenol is liberated and purified 
by distillation: 

C.H.Cl + NaOH - C,H,ONa +, HQ 



SULPHONIC ACIDS AND PHENOLS 303 

Preparation from Coal-tar . — On a large scale, phenol is 
isolated from the middle oil fraction of coal-tar distillatioQ 
which mostly consists of naphthalene and carbolic acid. On 
allowing the middle oil fraction to cool, most of the naph- 
thalene crystallizes out. The oil which separates is treated 
with a warm caustic soda solution to form sodium phenate 
and any immiscible oil is separated mechanically. The 
caustic wash containing the soluble sodium phenate is then 
treated with dilute sulphuric acid; this liberates the phenol 
which sej>anates as an oil. This is collected, washed with 
water and distilled. The distillate constitutes the crude 
carbolic acid of commerce. To obtain pure carbolic acid, 
the crude acid is fractionally distilled and the distillate 
crystallizes on cooling, the impure phenol being allowed to 
drain off. 

Properties and Reactions , — Phenol crystallizes in colour- 
less deliquescent prisms which melt at 43^" and boil at iSa"*; 
sp. gr. 1.072 at 20"". On exposure to air and light it turns 
pink. It has a very characteristic odour and is markedly 
caustic and poisonous. It is not very soluble in water 
(100 parts of water dissolve about 8 4 parts at 20^), but is 
freely soluble in alcohol and ether. It is volatile in steam. 

It is acid in reaction, the H of the OH group being 
replaceable by metals, and it is hence called ‘carbolic add*. 
Thus, when treated with a caustic alkali it gives a phenate, 
e.g.y CgH^.ONa. Phenol does not, however, react with an 
alkali carbonate which may be used to separate a phenol 
from an . organic acid. Phenol gives with ferric chloride a 
violet colouc which is discharged by alcohol and mineral 
acids. It is also recognised by Liebermann s reaction, and 
by the white crystalline precipitate of 2 :^:(>-tribromo-phenol 
Cj^HoBrg.OH with bromine water (m.p. 96""). With excess 
of bromine water, a precipitate of tribromophenyl hypo- 
bromite CgH2Br30Br is formed. For other tests see toxi- 
cology (pp. 447-450). When absorbed into the system 
phenol is excreted mostly conjugated with sulphuric acid or 
glycuronic acid. 

Uses, — Phenol is largely used in surgery as a disinfec- 
tant both in^the concentrated form and also in dilute solution. 
It is also used as a disinfectant powder mixed with kaolin. 
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Chemically, it is used in the manufacture of drugs such as 
salicylic acid, salol. aspirin, phenacetin and phenolphthalein* 
the explosive picric acid, certain azo dyes, and very largely 
in the preparation of synthetic plastics, such as Bakelite, etc. 

phenolic Ethers. 

AnisoJe, Phenyl methyl ether, C.Hj.O.CH, : obtained by heating 
an aJcoholic solution of sodium pheoate with methyl iodide, 
C,H,ONa -f CH,I =* C^,.O.CH* -f Kal ; liquid with ethereal 
odour, b.p. 152"; stable, neutral compound, like the aliphatic ethers, 
xipt readily hydrolyzed by acids or alkalies. 

Pheii€tole,/*Ae«yI ethyl ether, obtained by hcatiag 

an alcoholic eolution of sodium phcuate with ethyl iodide, b.p, 172*; 
properties similar to anisole. 

CHphcnyt ether. Diphenyl oxide, obtained by 

beating phenol with anhyclrous aluminium chloride ; cr>-6ta)Une solid 
m.p. 2b\ b p. 252*. 

Picric acid, 2 :4:b^rnnitro phenol, CeH2(N03)^,OH 
OH 



NO, 


This acid is said to be formed when nitric acid acts on 
argajiic substances such as wool, leather, silk, resins, etc., 
as indicated by its yellow colour. 

^ Preparation — This is prepared by the nitration of phenol 
sulpbonic acid, the latter being used instead of phenol in 
order to avoid the difficulty experienced in purifying picric 
acid from the tarry matter which is formed in the nitration 
of phenol. Phenol sulphonic acid is prepared by the action 
of strong sulphuric acia on phenol, the mixturie being heated. 
It is then cooled, diluted with water and gradually added in 
smsM lots to strong nitric acid, shaking well between addi- 
tions. When all me phenolsulphonic acid has been added, 
the mixture is heated on the water bath for two hours, a 
little fuming nitric acid being first added. The fladcT » then 
cooled and the picric acid separates put. It is purified by 
recrystallization fnom hot water. 

G.H.(OH)(SO,H)*f 3N0,.0H « C.H,(N0,),.OH-bH.S0,+2H,O 
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Properties and Uses — Picric acid crystallizes from hot 
water or alcohol in light yellow prisms, m.p. 122.5®, 
possesses a very bitter taste. It is only slightly soluble in 
cold water (r,22 per cent at 20''), more readily in hot 
water and in aicohcl, etlier, chloroform, benzene, etc. Its 
solution dyes silk and wool yellow. It has a strong acid 
character and forms salts which crystallize well. The 
aVnmonium salt C<^}-L,(NO.)3.0NH^ is liable to explode if 
heated or struck. Picric acid itself is an explosive and 
should be mixed with water for storage. It forms crystalline 
compounds with naphthalene, anthracene, etc., and these 
picrates can be used for its identification. Picric acid is 
mainly used as an e.xplosive. It is also used as an alkaloidal 
reagent. 

Cresols, Hydroxy toluenes, C^H^(CH3) (OH) 

The three cresols (ortho-, meta-» and para-), which are 
homologues of phenol, occur in coal tar and in pine and 
beech wood tars, and are obtained during the fractionation 
of cnide phenol. The crude phenol is distilled and the dis- 
tillate crystallized out in the cold; the crystals of pure phenol 
are separated off by centrifuging from the fluid cresols. It 
is not, however, easy to isolate the individual cresols from 
this mixture and they are more easily prepared pure by 
synthetic methods^ e.g., by treating the corresponding tolui- 
dines with nitrous acid or by fusing the corresponding toluene 
sulphonic acids with KOH: 

^ CH,.Cdi,.NH, + HNO, = CH,.C,H,.OH -f N, + H,0 
CH,.C,H,.SO*H + KOH = CM..C,H,.OH + KHSO. 

Their melting and boiling points are as follows: o-cresol, 
m.p. 31°. b.p. 190'"; m-cresol, m.p. 4°, b.p. 203®; p-cresol, 
m.p. 36°. b.p. 202°. 

The crude mixtune of cresols obtained from coal tar or 
wood tar is utilized in making antiseptics and disinfectants 
such as lysol, phenyle^ creolin, etc,, by making emulsions i^th 
resin or oil soap. The B.P. cresol is a mixture 

of 0-, mr, and p- cresols and other phenols obtained from 
coal tar and|having certain specific properties prescribed by 
^t. The chlorine ♦derivatives of cresols obtained by their 
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cWorination have a stronger antiseptic action than the 
and one of these, known as chlorooresol (6.chloro.3-hydroxy 
toluene) is used as a preservative and antiseptic. For tests 
see Toxicology (pp. 448-452). 

Thymol, i-MeihyU^-\sopropyl~yhydroxy benzene, C,,HnO 
This is found in the essential oil obtained from ajowan f^uit^ 
Ptychotis ajowan DC. (Crtri^wi copttcum B.Hk.). The 
oil. which conrtitutes about 2*5 per cent of the fruits, 
yields 35 to 45 per cent of thymol. The oil is shaken 
with a 5 per cent aqueous solution of NaOH which dis- 
solves out the thymol. The aqueous 6olution is separated 
and free thymol lil>erated with the help of a mineral acid 

and distilled. It is purified by recrystallization from 

alcohol. It is also prepared syntlietically. 

CHj (H3 

Thymol gives transparent cry^stals, m.p. 50°, b.p. 233*5* 
{760 mm )- It has a thynie-like o<.lour and a bumingr taste. It is 
very sparingly soluble in water (i g. in 1176 c.c. at 20"), but is 
readily soluble in alcohol, ether, chloroform, oils, etc. 

It is a powerful antiseptic and is employed in the treatment of 
intestinal parasites and also as a mouth wash. 

An iodine derivative of thymol, diio<kKli thymol known as 

aristol prepared by the action of iodine and KOH on thymol, is 

used a« a substitute for iodoform. 



DIHYDRIC PHENOLS 

These exist in three isomeric forms; the ortho-compound 
is known as catechol, the m«ta-compoiind as resorcinol and 
the para-compound as qainol. 


OH 0*1 



OH 

Catechol Resorcinol Quinol 


Catecboli Pyrocatechol, o-Dihydroxy benzene, 

This occurs in catechn, tha resin found in Acacia catechu Willd. 
It is prepared by fuain^ o-phenol sulphonic acid with caustjcjiotash. 
It is a coiotirless crystalliac solid, m.p. 104*, soluble in water/ alcohol 
and ether. It sublimes in vacuo even at room temperature. With 
ferric chkvidc its aqueous solution gives ha caperald^^groen coloxit 
which turns deep red with sodium carbonate oram mania. 
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Reiorcinol, m-Dihydroxy benzene, C,H*(OH),. 

This is prepared by fusing the alkali salt of m-benzen&- 
diaulphonic acid with caustic potash to about 250®. 

C.H,(SO,K), + 2KOH =. C.H^(OH), -f- 2 K,S 0 , 

It forms colourless needles which become brown on exposure to air, 
ra.p. iig“. It is soluble in water, alcohol and ether. Its aqueous 
solution grives a bluish violet coloration with ferric chlbride which 
disappears on adding sodium bi-carbonate. It has antiseptic pro- 
perties and is used in medicine in ointments and in throat paints. 
It is also used in making dyes like fluorescein, eosin, etc. 


Hc.\yl resorcinol, Caprokol, CH,(CHJ^ 


CH CH 

O 

C(OH) CH 


G,OH 


It is a strong antiseptic synthesized more recently and is used 
in medicine. 


Quinol, Hydroquinonc, p-Dihydroxy benzene, C(jH^(OH)_, 

This is usually prepared by reducing quinone with sulphurous 


acid : 



^=0 V HO—/ OH 

/ \— / 


It OCCUIB 


in nature in the g-lucoside arbutin. It, is a colourless .crystalline 
solid, m p. 169 It soluble in water, alcohol and ether, and is a 
strong reducing agent. It is employed in photography as a 
developer. A dilute aqueous solution mves a bluish-green colour 
wdth ferric chloride but tne colour soon changes to brownish yellow.' 

TRIHYDRIC PHENOLS 

Pyrogallol, Pyrogallic Acid^ i : 2: yTrihydroxy benzene 
CjH 3(OH)3. It is obtained by heating grallic acid, and cryetallizes in 
colourless needles, m.p. 132°. It is eoluble in water, alcohol and 
ether, and sublimes without decomposition. It absorbs oxygen in 
alkaline solution end darkens in colour. A solution, qf pyiqgadlol in 
KOH is used in gas analysis for the estirnar^cm of tree oxygen 
in bacteriology for rendering the atniOsphere of anaerobic bacterifei 
oxygen free. It is also use-d in photography as a developer rin 
account of ite strong reductn^ action. , With fetric chloride its 
aqueous solution gives a red colour and wrth ferrous sulphate 'and 
a trace of ferric chloride gives ai deep blue Colour. i ’ 

phlofoglncino], i \ ^rT^ikydfi^y benzene is 

a colourless crystatline substance ^'A^eet in ni.p. 2i9®^,|SoJ,iib^j 

in water, alcohol and ether^ * With ferric chloride a blu^' 

violet colour. ' ' - ^ 1 ^ DHj 

Hydroxyquinol, i 2 ; ^^Trihydro^y benzene prys- 

talline substance, m.p. 14O*, soluble in water. Ferric chloride gives 
a greenish -brown colour, whicri changes to blue and then to red on 
the addition of sodium bicarbonate 
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AROMATIC ALCOHOLS, ALDEHYDES, 
KETONES AND ACIDS 
AROMATIC ALCOHOLS 

A true aromatic alcohol is derived from an aromatic 
hydrocarbon by the replacement of a hydrogen atom of an 
aikyl radical of the side chain by an OH group and thus 
differs from a phenol. As might be expected the Ix'haviour 
of the aromatic alcohols is analogous to that of the aliphatic 
alcohols ; hence we have alcoholates, esters, ethers, amines, 
etc., the oxidation of the alcohol to aldehyde and acid and 
reduction of the aromatic acids, aldehydes and ketones to the 
aJcohoIs : 

^rH3 CH,OH ^ C.H. CHO C.H. COOH 

Benzyl Alcohol, Phenyl carbinol CeH^.CH,OH 

Occurrence . — This is found as an ester of cinnamic acid 
and benzoic acid in Balsam of Tolu and Peru and in Storax, 
the exudates obtained from the trees Myroxlyon toluiferunt 
Hb.K., M. pereirae Kitsch, and Uquidambar orientalis Mill, 
respectively and used in medicine. 

Preparation 

(1) By the hydrolysis of benzyl chloride with an 
aqueous solution of potassium carbonate : 

aC.H,.CH,Cl *f K,CO, -f H,0 = 2 C,H,.CH,OH -h 2 KCI + CO, 

(2) By the action of KOH on benzaldehyde: 

2C,H,CH0 4 - KOH « C,H,.CH,OH -f C,H,.COOK 

This reaction by which an alcohol and an acid are pro- 
duced from an aldehyde is known as CanTitzzaro reaction, 
and is characteristic of aromatic aldehydes. 

(3) By the reduction of benzaldehyde : 

C.H,.CHO C.H,.CH,OH. 

H. 
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(4) By the hydrolysb of an ester of benzyl alcohol: 

C.H,.CH,,0 CX.C.H, + H,0 = CJL.CH.OH + C,H,.COOH 

Benzyl benzoate Benzoic acid 

The first and second reactions are mainly used for the 
industrial preparation of benzyl alcohol. 

Properties and Reactions . — It is a colourless liquid, 
b.p. 205 with a faint aromatic smell; sp. gr. 1.042 at 20°. 
It is only slightly soluble in water but easily soluble in 
alcohol and ether. On oxidation it is first converted into 
benzaldehyde and finally into benzoic acid. Cone, HCl con- 
verts it into benzyl chloride C^H^.CH.Cl, and cone. HNO, 
converts it into benzaldehyde; these reactions and the action 
of caustic alkali distinguish benzyl ahoho! from the isomeric 
crcsols (see p. 305). 

Cinnamic Alcohol, C. H.,CH : CH COOH : This is a type of 
an aromatic unsaiurated alcohol, and the corresponding acid cinnamic 
acid (see) is known to occur in nature. 

AROMATIC ALDEHYDES 

When the CHO group, is directly linked to a carbon 
atom of the nucleus it is usual to call this an aromatic 
aldehyde. Wheru however, the aldehyde group occurs in 
the side chain, such an aldehyde shows the properties of an 
aliphatic aldehyde. Unlike the aliphatic ald^ydes, the 
aromatic aldeh3'dcs do not polymerize nor resinify with 
caustic alkalies but they give the Cannizzaro reaction instead. 
They do not undergo aldol condensation but show the 
benzoin condensation with alcoholic KCN (see benzal- 
dehyde). They do not reduce Fehling's solution but 
ammoniacal silver nitrate is reduced slowly. 

Benzaldehyde, Oil of Bitter Almonds, C^^H^.CHO 

Occurrenee. — This occurs in nature in the glucoside 
amygdalin found in bitter almonds (hence Oil of Bitter 
Almonds). When amygdalin is boiled with a dilute mineral 
acid, it yields benzaldehyde, HCN and glucose (see p. 104). 
When bitter almonds are crushed in a mortar with water, 
amygdalin is hydrolyzed by the enzyme present and the 
odour of benzaldehyde beoomes apparent. 
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Preparation 

(1) By the oxidation of benzyl alcohol with cone. HNO, : 

QH,.CH,.OH ^ C,H,.CHO 

O 

i 

(2) By distilling a mixture of calcium benzoate and 
taJeium formate (see p. 109): 

(C,H,.COO),Ca -f (HXX>0),0i - 2 C,H,-.CHO -f 2 CaCO, 

(3) By the oxidation of benzyl chloride with an 
a4ueoos solution of Cu(N03)3: 

O 

C.ir.CHXl C„H,.CHO 

(4) By heating benzal chloride with milk of lime under 
pressure : 

C,H,.CHC1,. -f Ca(OH), C,H:,XHO -f Cad, 4- H,0 

The last two methods are used on a large scale for its 
manufacture. 

Properties and Reactions. 

Benzaldehyde is a colourless liquid with a bitter almond 
odour; sp. gr. 1.041 at 25", b.p. lys*", volatile in steam. It 
is only slightly soluble in water but easily soluble in alcohol 
and ether. On exposure to the air it is gradually oxidized 
to benzoic acid which separates out as a crystalline solid. On 
reductitm it yields benzyl alcohol. Like aliphatic aldehydes 
it ^ves Schiff's reaction (see pp. 80, in), combines with 
sodium bisulphite, phenyl hydrazine and hydroxylamine. It 
does not, however, form an aldehyde-ammonia and dots not 
reduce Fehling's solution. When treated with HCN benzal- 
dehyde yields the cyanhydrin known as mandeloniinle: 

C,H,CriO HCN = Cjr,CH(OiI)CN 

On hydrolysis, mandelonitrile gives mandelic acid which 
is used in medicine for the treatment of B. coli infection. 

C,H,CH(0H)CN -f 2H,0 - C,HXH(OH).COOH + NH, 

It gives a mixture of benzyl alcohol and benzoic acid 
when treated with KOH {Cannizzaro reaction ) : 

2C.H,.CH0 4 * KOH OH 4 - C.H. COOK 

Benzyl alcohol K-Benzoato 
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On boiling with an alcoholic solution of KCN it under- 
goes benzoin condensation (cf. aldol condensation, p. 116); 

C.H..CHO + C,H,.CHO = C.H,.CO.CH(OH) .C.H, 

Benzoin 

When heated with sodium acetate and acetic anhydride, 
it gives sodium cinnamate {Perkin s reaction) \ 

C,H,.CHOH- CH,.COONa = C,H,.CH:CH.COONa + H,0 

Cinnamic Aldehyde, C^H^.CH : CH.CHO ; This is a type of 
an aromatic un^atu rated aldehyde, and is the chief constituent of 
nil of cinnamon, the essential oil obtained from Cinnamomum 
zeylanicum Nees. ; liquid, b.p. 247" with an odour of cinnamon. 


AROMATIC KETONES 

These may be true aromatic ketones, viz., containing 
two aryl groups such as benzophenone C^Hj.CO.CgH^, etc, or 
they may be mixed, viz., containing one aryl group and one 
alkyl group, such as acetophenone, C6H5.CO.CH3, etc. 

Benzophenone, Diphenyl Ketone, C6H5.CO.C6H5: 
This may be prepared by distilling calcium benzoate; crystd- 
line solid, m.p. 48"", b.p. 305-4'’. 

Acetophenone, methyl 

This may be prepared by distilling a mixture of calcium 
benzoate and calcium acetate ;'-.it cystaJlizes in coiaitless 
plates, m.p. 20.5°, b.p, zoz'’; sp, gr. 1.026 at 25°; soluble 
in water and alcohol and has a peculiar smell; it is some- 
times used in medicine as a hypnotic under the name hypnone. 

The chlorine derivative of acetophenone, chloro aceto- 
phenone C6H5.CO.CH0CI, known as C.A.P. was used as a 
"‘lachrymatory gas” during the first Great War. 

AROMATIC MONOBASIC ACIDS 

Two classes of aromatic acids may be distinguished : (i) 
When a hydrogen atom of the nucleus is substituted by a 
carboxyl group, e.g., benzoic acid, (2) when a hydrogen atom 
in the side chain is substituted by a carboxyl gmup, e.g., 
phenyl acetic acid CeH^.CH^.COOH. 
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In most respects the aromatic acids are analogous to the 
aliphatic acids. They form salts with metals, esters with 
alcohols, and give chlorides, amides, etc. When heated with 
soda lime they give off carbon dioxide and form the corres- 
ponding hydrocarbons. 

General Methods of Preparation 

(i) By the oxidation of the corresponding aromatic 
alcohol or aldehyde e.g., 

CJL.CHO C.ir C(K)H 

{2) By tile hydrolj^is of the corresponding nitriles; 
these nitriles can be obtained from the sulphonatcs or amines: 

1- C,H,.CN C\H .COOII 

H,50, NaCN H,0 

C^H.NH, — ^ ( JL.CN CJL.C(K)H 

L>iazo reaction Sandmeycr's 

reriction 

(3) By the oxidation of benzene homologucs: 

4- 30 - cjLX'oon + np 

Benzoic Acid, CgH-.COOH 

Occi*rrence, ^In the free state as well as in combination 
ir occurs in certain resins, especially gum benzoin, a resin 
obtained from Styrax benzoin Dryland, found in Java, 
Sumatra, and other places. It can be obtained by heating 
the gum benzoin when the benzoic acid sublimes. In the 
urine of herbivora, it occurs as hippuric acid or benzoyl 
glycine C*^H,CO.NH.CH,.C(X)H from which the acid can 
be obtained by hydrolysis. 

Synthesis 

(1) Oxidation of benzyl alcohol or benzaldehydc. 

(2) Hydrolysis of benzonitrile. 

(3) Oxidation of toluene. 

Preparation 

(i) By the hydrolysis of benzotrichloride, obtained by 
the chlorination of toluene, with boiling milk of lime: 
2 C,H,.CC1, -f 4Ca(OH), (C,H,.CrxXi,CA -f 3CaCl, -f 4H,0. 
(CyH,X(XJ),C 4 i 4- H,SO, iC.H, .CCX)H + CaSO, 
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(2) By the decarboxylation of the phthalic acid obtain^ 
bv the oxidation of naphthalene: 


/\ 


— dOOH 


/\ 


— COOH 


■1 CO, 


Naphthalene 


^ — CCX)J I 
o- Phthalic acid 


Benzoic acid 


Properties and reactions 

Benzoic acid crystallizes from hot water in colouriess 
shining flakes. It melts at 121.5'' and is volatile in steam. 
It sublimes easily and its vapour produces coughing and 
sneezing. It is only sparingly soluble in cold water (i in 372 
^t 17.5'') but more easily soluble in hot water, alcohol and 
ether. With ferric chloride it gives a pale browm or buff 
coloured precipitate of ferric benzoate. When heated with 
soda lime, benzene and carbon dioxide are formed: 

C^H,.COOH CgHg-fCO^. On heating benzoic acid 

with etliyl alcohol in presence of drj^ HCl gas ethyl benzoate 
C^H.,.CCX)C2H, is formed; this ester has a peculiar aromatic 
(xlour and is used for the identification of benzoic acid. 

Benzoic acid, like the aromatic hydrocarbons generally, 
is readily acted upon by nitric acid and sulphuric acid 
forming nitro-bcmoic and sulphobenzoic acids. It may alsa 
be acted on by chlorine or bromine forming chlorob^zoic 
and bromobenzoic acids. 

Benzoic acid and its salts are used in medicine as 
diuretic, antiseptic and expectorant. 


Benzoyl Chloride, CeH^.COCl 

This is an add chloride analogous to acetv'l chloride and 
may be fonned by the action of phosphorus pentachloride on 
Ixmzoic acid. 

C,H,.COC)H K'l, - CJ\,.C(X:\ -f PiKl, -f HC] 

It is a colourless oily liquid w'ith an irritating odour. It 
is used for the detection and isolation of hydroxy and anuno 
compounds, as it reacts forming benzoyl derivatives which 
are mostly crystalline. The H atom is replaced by benzoyl 
group C^H^CO — and the process is known as benzoyUu 
Hon (cf, acetylation, p. 140). 
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C.H,.COa + C.H.OH = C.H..CO.OC,H. + HCI 

C.Hj.COa + C.Hj.NH, - C.Hj.CO. NH.C.H, + HCI 

Benzunide, C,Hj.CONH, 

This is an acid amide analogous to acetamide and can be 
prepared by heating ethyl benzoate with ammonia: 

C.H,CO. + NH, = C.H.CO.NH, + C,H^OH 

It is a colourless crystalline solid, ra p. 130°, soluble in hot 
water, alcohol and ether. On boiling with acids it decom- 
poses into benzoic acid and ammonia. 

Cinnamic Acid, : CH.COOH : Ttiis is an example of 

an unsaturated aromatic acid found as ester as well as in the free 
state in Balsams of Tolu and Peru as also in Storax. It can be 
prepared svntheticaJlv' by Perktn's reactfon by luating benzaldehyde 
with anhydrous sodium acetate and acetic anhydride: 

C.IT .CHO -f CH,.C(X)Na H : CH CCK)Na 4- H,0 

It is a colourless crystalline solid, m.p. 133*. soluble witu 
difficulty in cold water but more easily in hot water and in ak ihol 
and ether. As an unsatumted acid it combines with bromine and 
halogen acids. 


HYDROXY ACIDS 

Hydroxy acids may be classified as those with 

(1) carboxyl group in the nucleus, e.g., salicylic acid, and 

(2) COOH group in the side chain, e.g., mandelic acid. 

Salicylic Acid, O' Hydroxy benzoic acid,\ |i' 

■^^ccK)n 

Occurrence, — Found as methyl ester as the main 
constituent of Oil of Wintergreen obtained from the leaves of 
Gaultheriu procumbens L. or from the bark of Betula lenta^h. 

Preparation 

(l) From Oil of Wintergreen The ester is hydrolyzed 
by heating with a dilute solution of KOH, the methyl alcohol 
formed is distilled off and the salicylic acid is lil)erated by 
dilute Sulphuric acid. On concentration of the aqueous 
solution salicylic acid crystallizes out, and is purified by 
rccrj^talJization from hot water: 

(OH)COOCH, + KOH » C,H,(OH)C<X)K xCH.OH 



AROMATIC ALCO^IOLS, ALDEHYDES, KETONES AND ACIDS 315 

(2) Front Phenol [Kolbe's Reaction ) — Dry sodium 
phenate is heated to 120 **.140* and treated with carbon 
dioxide gas in a closed vessel under pressure. Sodium phenyl 
carbonate is first formed: 

C,H,.ONa + CO, = C.H^.O.COONa 

This compound then undergoes intramolecular change 
at the high temp)erature, the COONa group replacing an 
ortho hydrogen atom of the nucleus and sodium salicylate is 
formed ; 

CH CH 

CH / C.O.COOXa CH \ C.OH 

CH CH CH ^ C.COONi 

CH CH 

The sodium salt is decomposed by dilute sulphuric acid, 
tlie salicylic acid is obtained by concentration and finally 
purified by reciy'stallization from hot water. 

Properties, Reactions and Uses. Salicylic acid cry’stal- 
lizes in colourless needles, and has a sweetish taste, m.p. 155*. 
It is only slightly soluble in cold water (100 parts of water 
dissolve 0184 g. at 20°) but more readily soluble in hot 
water, alcohol and ethe:. It is volatile with steam. It 
sublimes on slow heating but if rapidly heated it decomposes 
into phenol and carbon dioxide. With ferric chloride a violet 
colour is produced which is discharged by mineral acids 
but not by alcohol (cf. phenol, p. 303). With bromine 
water, it giws a yellowish white precipitate of tribromo- 
saJicylic acid which is soluble in alcohol. For other tests see 
Toxicology/ (p. 512). 

It is a strong antiseptic and is used as an antifermenting 
agenf. It softens the epidermis and is, therefore, an 
important ’constituent of eJl '"com cures/' Its sodium salt, 
sodium salicylate, is most valuable in the treatment of 
rheumatic fever. 

Para-hydroxy benzoic acid (m.p. 210^) is used as a food- 
preservative. It is not volatile with steam. 
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Aspirin, Acetyl salicylic acid, C*H^(O.COCH3)COOH : 
Th's is prepared by heating s^ilicylic acid with acetic an- 
hydride. Aspirin is a white crystalline substance easily 
soluble in alcohol but sparingly in w^ter; m.p. 135*': gives 
a yellow colour with ferric chloride since the phenolic grouj> 
is acet>’lated. It is used in medicine as an analgesic and 
antipyretic. For solubility, tests» &c., sec pp. 513-514. 

Salol, Phenyl saUcylatc, C,H.(OH).C(XX:,H,. 

This is prepared by heating a mixture of sodium salts of 
s<a!:cvlic acid and phenol with phosphorus oxychloride to 
about 120*". It is a cry'stallinc solid, m.p. 43'’. It is used as 
an intestinal anl. septic, being hydrolyzed in the intestines to 
phenol and salicylic acid. 

Gallic Acid, 3-4*5 — Tnhvdro.xy benzoic aetd, 

C,H,(0H)3C00H. 

This occurs in gall nuts and in man\' tannins, from whxh 
it may be obtained by hydrolysis with dilute acick. It ciy’S- 
tallizes in needles, m.p. 225'', It is not very soluble in cold 
w*ater, but soluble in hot water, alcohol and ether. On 
heating it decomposes into carbon dioxide and p\Togallol. It 
dissolves in aqueous alkalies but the solution turns brown 
rapidly due to oxidation. 

With ferric cWoride it gives a hlui.sh-bliick colour or 
precipitate. It d(X"s not precipitate gelatin from solution and 
is thus distinguished from tanni< acul, It is used for the 
preparation of ink. A basic bismuth salt of gallic acid, 
known as derniatol, is used as an anlise^ptic in skin diseases. 

Tannins. --Thesi^ are widely distributed in plants. They 
are soluble in water and ;)ossess an astringent taste. They 
precipitate gelatin solution fonning an insoluble* compound 
and for this reason they are utilized in the manufacture of 
leather, as the insoluble compound formed does not unBergo 
putrefactive chai ges. The tannins principally used in tanneries 
are derived from rayrobalaus (haritaki), sumach, catechu, 
acacia (babut), oak, etc. Tannins give a blue-black or green 
cobur with ferric salts hence they are used for making inks. 
Tannins are also precipitated by lead acetate, albumen and by 
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alkaloids. They are used in medicine as astringents and 
styptics. 

The structure of many of the tannins has not yet been 
elucidated but a large number appear to be esters of glucose 
with polyhydroxy benzoic acids, such as gallic acid, etc. 

Tannic acid^ Gallotannic Acid.— This is a tannin which 
occurs in oak-galls, in tea, in catechu, etc., and is found as 
‘Colourless or yellowish amorphous mass. It is easily soluble 
in vs^ter and dilute alcohol but not in absolute alcohol or 
ether. With gelatin solution it forms a white precipitate and 
with ferric chloride it gi\x*s a blue black colour or precipitate 
On hydrolysis with 2% HCl it yields gallic acid. It is now 
used e.xtensiv'cly in the treatment of bums and as an 
astringent in throat paints. 

Aromatic Dibasic Acids, 

In these acids both the carboxyl groups may be. attached 
to the carbon atoms of the benzene nucleus as in phthalic 
acid C5H^(C(X)II). or Ix)th the carboxyl groups may 
remain in the side chains, e>g., QH^(CH2COOH'l2, or one 
may remain in the nucleus and one in the side chain, e.g., 
CftH^(COOH).CILC(X)H. Of the three isomers of 
benzene dicarboxylic acid, which can be obtained by the 
oxidation of the corresponding xylenes, the ortho-compound 
is the most irnpor^an^ economically. 


COOFI 

c: 

HC C COOH 

COOH 

COOH 

HC 

c 

HC |''''^.CH 

«C 

HC '^^'c.COOH 

HC 

CH 

CH 

c: 

Phthalic acid 

Is<^phthalic acid 

COOH 

(i : 2 — Benzene 

(i : j — Benzene 

Terephthalic acid 

*dicarboxvlic 

dicarl>oxyUc 

(i ; 4 — Benzene 

acid)^ 

acid) 

dicarboxylic acid) 


f^hthalic Acid> Benzene -o-dicarboxylic acid, 

C,H,(COOH), 


It can be prepared by the oxidation of o-xylene; it is 
usually prepared by the oxidation of naphthalene by heating 
with fuming sulphuric acid in presence of mercury as catalyst 
at about 250®, 
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/ \ COOH 


i 
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Phthalic acid crj'stallizes in colourless plates, m,p. 213% 
soluble in w^ter, alcohol and ether. When heated above its 
raeiting point it gives phthalic anhydride. When phthalic 
anhydnde is heated with anhydrous ammonia, it gives 
phthaliraide : 

CH 

i j!c— co/ 

CH 

PhthaJic anhydride 


HC 


HC 


CH 

C.COOH 


HC 


CH 


C.COOH HC 


HC 


CH 

:^\c^o 


X) 


HC 


CH 

Phthalimidc 


NH 


The acid potassium salt ol phthalic acid,. 
C.H,(COOH)CC)OK. is used as a buffer in pH work. 
Phtha^ anhydride is used in the preparation of the indicator 
and purgative principle phenolphtheUein. It is also used for 
the s>mthesis of various dyestuffs such as fluorescein (used 
in eye surgery'), eosin (tetrabromofiuorescein), inercuro- 
chrome 220 (di-sodium salt of 2 : 7-dibromo-4-hydroxy- 
mercury fluorescein), indigo, erylhrosin, etc., as well as in 
the manufacture of some synthetic plastics. An important 
derivative of phenoiphthalein, s^ium tetraiodophenol- 
phthaiein, is used in X’ray work for rendering the gall- 
bladder opaque. 
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CHAPTER XXVI 


NAPHTHALENE, ANTHRACENE, ETC.. AND 
SOME HETEROCYCLIC COMPOUNDS 

We ha\ e so far consido.ied carbocyclic compounds con- 
taining only one closed ring system, viz., that of Ix^nzcne. 
Aromatic compounds with tnv or more benzene nuclei also 
exist and the structure of some of these are sliown l)elow ; 
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./ \ ^ ■ \__/ 
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• There are, however, other carbocyclic ring systems which 
contain more than one benzene ring fused together. These 
are known as condensed ring nuclei. Examples of feese are 
naphthalene, anthracene and phenanthrene, which occur in 
coal tar and form the basis of many s)mthetic dye-stufk. 
The parent hydrocarbons behave like benzene, jHelding a 
large variety of similar derivatives. 

Naphthalene, 

Preparation— This hydrocarbon is obtained from the 
middle or carbolic fraction of coal tar distillation by allowing 
it to cool, when the impure naphthalene separates out; this 
is pressed to free from adhering liquids and washed with 
caustic soda to remove phenols. It is subsequently treated 
with sriong sulphuric acid to remove other impurities as 
soluble sulphonic acid compounds, again washed and finally 
sublimed or distilled in steam. 

Properties, Reactions and Uses . — Naphthalene crystal- 
lizes in colourless, shining plates, m.p. 80°, b.p. 218°. It is 
insoluble in water but soluble in ether and alcohol. It is 
e.xtremely volatile, and often causes blocking in gas .mains 
due to this property. It has a characteristic smell and bums 
with a very smoky flame. When dissolved in an alcoholic 
solution of picric acid it forms a picrate which crystallizes in 
yellow needles, m.p. 149°. 

Naphthalene is largely used as an insecticide as moth 
balls but its principal chemical use is in Che manufacture of 
various synthetic dyes suoh as indigo, azo dyes, etc. 

In its^ behaviour napdiAalene closely resembles benzene, 
ykldlng nitro and sulphonic acid compounds ; wth chlorine, 
it giv^ additive compounds such as naphthalene tetrachloride 
C,pH,Cl,, etc. 

Structure of Naphthalene 

'The molecular formula of naphthalene is It 

contains a benzene nucleus as proved by its oxidation with 
dilute nitric acid to ortho-phthalic acid, 'which consists of a 
benzene ring having two COOH groups in ortho position. If 
nitronapfithaleoe is oxidized, it gives nitrophthauc acid, the 
ring containing the nitro group remaining intact. If the 
21 
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nitro-napb^lene is reduced, it fonos amino-naphthaJcne oc 
naphthylamine wiiich on oxidation gives orthophtbalic acid, 
the ring containing the amino group being destroyed giving 
rise to two COOH groups. These facts point to the existence 
of two condensed six-membered rings and the structural 
formula can be best represented as follows: 
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laooMrian of Naphthalene Compound* — Of the 

dgjhit b)rdR^n atoms all are not similariy placed relatively 
to die rest of the molecule, one set of four occupying 
positions different from the other set of four. Thrae two 
positions are usually distinguished by the letters a and I 
hence we have two mono derivatives in which substituents 
may exist in ttie a or ^ position. The different positions of 
the H atoms are also represented numerically (see diagram 
above). Of tjie disubstitution fModucts, ten isomeric deri- 
vatives may exist, their position being generally designated 
by numerals such as 1:2, 1:3. 2:3, 2:6, etc. The positwai 
I ; 2, 1 :3 and 1 14 in the same ring are known as ortho-, meta- 
and para-positioos, while the position i : 8 is termed the pen- 
positioc. 
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Oerivatives of NaphlhalMie 

The halogen derivatives are readily prepared but they 
are of little importance. Naphthalene is easHy nitrated ; the 
a-nitronaphthalene is converted on reduction into a-naphthy^ 
lamine (cf. aniline), which is used as a rea^nt 

and also in the manufacture of dyes. Naphthalene also reacts 
with concentrated sulphuric acid forming naphthalene sul^ 
phonic acids CipHy.SO^H, which ^re utilized largely in the 
dye industry. 

The a- and p monohydroxy derivatives of naphthalene 
are important as they ccnstitute the two naphthc^. They 
may be obtained from naphthalene sulphonic acids by fusing 
with caustic potash (cf. phenols) or by diazotizing the 
naphthylamines. Both are crystalline substances with a 
phenolic odour. fi-Naphthol, C,oH,.OH, is a crystaMine solid, 
m.p. 123^- It is us^ intemadly as an intestinal anti^ptic. 
aMaphthol is a crystalline solid, m.p. 96*". It is also an 
antiseptic but is more irritating. Both the na^thois give 
colour reactions with ferric chloride. 


If two hydrogen atoms of the benzene nucleus arc 
replaced by two oxygen atoms, the products are called 


oO ca 

a-Naphthol ^-Naphthol 


quinones or benzo-quinones. 
^milarly naphthalene yields 
quinones which are known as 
naphtho-quinones. The struc- 
tures of these quinones are 
given below: 
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/ CH 
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CH 


p-Benzoquinone o Benzoquinone gi'Or i: 4 -napbtha- fi-or 

qaioone qqjnonft 

These naphthaquinones are prepared by the oxidatioa cf tiie 
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corresponding dihydroxy naphthalenes, and have properties 
similar to the benro-quinones. Vitamins K are derivatives of 
u-naphttiaquinone (see pp. 393— J94). 


Anthracene, C,,H„ 


Thia is a hydrocarbon lound in the distillate from cxial tar in 
the fraction at)ove 2yo\ known as the anthracene oil fraction. This 
fraction is distilled again and waslied with solvent naphtha. The 
brown mass obtained is again distilled with potassium carl>onate to 
remove carbazole and the distillate which contains anthracene and 
^^heaant]upn^l is treated with carbon disulphide to 
remove the phenanthrene. Anthracene crystallize^^ 
from benzene in colourless plates which show a blue 
fluorescence, m.p. 216*. It is insoluble in water attO 
CarlKixole only very .slightly Jioluble in alcohol; it is toluble it* 
t>enzeue. With picric acid it gives a ciimpound which 
trystallizes in red needles, m.p. 13^* With chlorine and bromine 
anthracene reacts similarly to naphthalene ; with sulphuric acid, 
sulphonic acid ccimpounds are formed ; with nitric actd. however, 
of nitro corn pounds bang jontxed the anthracene is oxidned 
to arrthraqu inane, .\ctually in practice most oxidi/ing compounds 
convert anthracene into anthraquinone 


! ^NH 
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CM CM a 
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^CH 
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CM CH CH 
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CH CO CH 



- X.. - %/ 

CH CO CH 
Anthraquinone 


The general imptirtance of anthracene or anthraquinone lies in 
the fact they are the mother sul^stame*; of a large numlier of dyes, 
e alizarin, etc. 

Alizarin, j : 2-Dihydro ty an^hmquinonc 

This w found in madder root (Rubta tinctorum L ), which owes 
its dyeing properties to alixarin and purpurin, Ijoth occurring as 
glacotides in the root. D>'eing by madder root is now practically 
obtolete. aa ahzarin itself is made on a large scale from anthm- 
qmiu*ne>/ 9 'Su]pboaic acid liy fusing it with potassium hydroxide 
and chlorate. Alizarin crystaljizea in red cr>»«tal». m.p, 289*. 
tnsoluble in water bat soluble in alcohol and ether and also in 
dilute alkalies, giving a reddish violet sdution. 

These soluble compooflds combine oxide* of Ah Fe, Cr, etc., 
to form insoluble alimates of different colours called lahes. Cotton 
fibres are dyed on this principle. They are first generally treated 
with an acetate <rf Ah Fe, Cr, etc,, and then submitted to heat by 
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which the correspondiog oxide is left ia the fibre and the cotton is 
said to he mordanted. When the mordanted fibre is next treated 
with a soluble alizarate the oxide unites with the alizarin forming 
an insoluble alizarate and the cotton is dyed permanently. 

Phenaathr«a«t 

Thia is an isomen^le of anthracene found in coal tar. It 

crystallizes in lustrous, needles, 
m.p. 99". It is soluble in ether 
and benzene but less readily y- in 
alcohol, glacial acetic acid, etc. 
With picric acid it yields a yellow 
crystalline compound, m.p. 143*. 
When oxidized with chromic acid it yields phendnthraquinone. 

It is of interest to remember tliat a complex phenanthrene 
nucleus, known as the cyclopen tenophenanthrene skeleton (see Fig.), 
is present in various compounds of medical interest, e.g., in sterols 
such as cholesterol, ergosterol. etc., in vitamins D, in bile acids as 
cholic acid, etc., in sex hormones such as oestrone, testosterone, 
cortin, etc. • Again, a complex anthracene nucleus, known as the 
dibenxanthracene skeleton (see Fig ), is found in compounds which 
are l)elieved to produce cancer. 



/\/\ 



Cyclopentenopl^enanthrene, 

skeleton 



skeleton 

Heterocyclic Compound* 

We have so far dealt with only carbocycUc compounds, 
i.e., compotinds in which only carbon atoms have taken part 
in the ring formation. There are, however, a large number 
of compounds in which one or more C atoms of a ring may 
be replaced by other polyval^t atoms such as O, S, N, etc., 
and these are known as heterocyctic compomtds. Some of 
them (like the alkaloids) occur in plants, others such as 
histidine, proline, tryptophane, etc., occur in the animal 
kingdom, and a host of others have been prepared synthe- 
tically. The structures of a few are shown here: 
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Pyridine C^H^N 

Occurrence and Preparalion . — 
Pyridine ocairs in small quantities in 
coal tar. It is also found in bone oil 
{Dippers oil) which is obtained by 
the dry distillation of bones. It may 
be prepared from the coal tar fraction 
boiling between 80' and 250'' and the bases are separated 
washing with dilute sulphuric acid. The acid liqind is 
separated and the bases liberated by NaOH. Pyridine Is 
then separated from the mixture of bases by fractional 
distillation. 

Properties and Reactions . — Pyridine is a colourless liquid 
with a characteristc unpleasant ^our, b.p. ii5'5°* It has 
a sp. gr, of 0 qSg at 15". Itis easily soluble in water, alcohol 
and ether. It is a strong base with alkaline reaction and 
Shaves like NH, forming white fumes of pyridine hydro- 
chloride w^hen it is exposed to the fumes of strong HCl. It 
also forms salts with other acids. It is a very stable substanc^ 
and gives a characteristic crystalline precipitate with mercuric 
chloride. Nitric acid and i^tassium permanganate do not 
attack it but cone, sulphuric acid >uelds a sulphonic acid 
derivative. It is a tertia^ base and on treatment with sodium 
and alcohol, pyridine is reduced to the secondary ba^, 
piperidine C,H,jN. a constituent of the alkaloid pipeline 
found in black pepper. Pyridine is used as a solvent and is 
also used in this country for denaturing spirit (0-5 per cent). 

DerivAtivet of Pyridine. The alkyl derivatives, e.g., the 
methyl pyridines or picolines C,H,N.CH^. are also found in coal ter 
or bone oil. These picolines can be oxidized by KMnO^ to pyndine 
carboxylic acids C.H^.COOH (sec nicotinic acid). An important 
derivative o£ Dyridine-/3-carboxvlic acid is its dtethylamide, known 
as coramine^ C,H,N.CO.N which is used in medicine as a 

cardiac stimulant. 

Quinoline, C^HyN 

It is a benzopyridine and may be considered as 
naphthalene in which one CH group is replaced by N, It 
occurs in coa^ tar and in bone oil and is isolated foom fhem 
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as described above for pyridine. It can also be obtained by 
Qj distilling many alkaloids, particularly the 

cindiona alkaloids. It is generally prepared 
T synthetically by Skraup's reaction, which 

J *04 in heating a mixture of aniline, 

g 4 ycerol and strong sulphuric acid in pre- 
^ N sence of arsenic acid or nitrobenzene a-s 


oxidising agent. The glycerol is converted into acrolein 
which reacts with aniline ; the condensed product is then 
qxidized by arsenic acid with the closure of the ring ; 
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Quinoline is a colourless oily liquid with a characteristic 
smell, b.p. 238^, sp. gr. i <^5 at 20", It is sparingly soluble 
in water but dissolves easily in alcohol, ether and benzene. 
It is a tertiary base and forms salts with acids. The quinoline 
ring is present in some alkaloids, e.g., cinchonidine* quinine. 
Sec, Quinoline has been the basis of several synthetic dru^ 
such as chiniofon (7-iodo-8-h\tiroxy quinoruie'5-sulphonic 
add}^ entero-vioform (iodochloro hydroxy quinoline), 
pa^aqtdK, etc. 

ls4^umoHfief C^H,N 
This is an isomer of quinoline and occurs 
in coal tar and bone oil. It is a colourless 
liquid with a characteristic smell, b.p. 241". 

It is a tertiary base and forms salts with 
adds. The isoquinoline ring is present in 
•ome alkalo^, morftiine, emetine, etc. 

PyrroU, Pyfrol, C\HjN. ^ 

The itnportance of this compound lies in ttfe (ACt that thr py rrole 
ring enters into the structuie of haenK)Klot>in, of chloro- 
phyll. of I»iljruhtn and of some aJkaloids. Pyrrole occurs 
IS bone oil and to a .smaller extent in coal tar. It is 
isolated from bone oil by fractional distil Uilori. It is a 
cokiurieiw liquid, turning brown in air, with a chlom- 
form-like odoor and boii at 131*. It h sparingly soluble 
in water but dissolve# earily in alcohol and ether. It li a weak 
secondary base solobh in aqueaus alkalies and dissolves slowly ks 
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dilute acids. If the acid solution is heated, a red flocculent pre* 
cipitate giving an amorphous pmvder, known as pyrrole red, is 
obtained. The vapour of pyrrole when allowed to act on a pine 
shaving moistened with HCl colours it red, whence the name [pyrro$, 
red). It combines wdth picric add tp form an unstable picrate. On 
reduction, pyrrole is converted into pyrrolidvne 04!!^^ a ring struc- 
ture found in the amino acid, proline. When treatkl with metallic 
potassium, pyrrole forms a solid potassium com^und C4H4NK, the 
K replacing the H atom attached to N. An iodine derivative of 
pyrrole, known as lodol CJ^NH (tetraiodopyrrol) , an odourless and 
non-irritant compound, is used as an antiseptic as a substitute for 
iodoform. 


Indoie, Indol^ Benzopyrrole, C^H^N 


Tills substance is present in faeces, being a 
pro<luct of protein putrefaction. The characteristic 
liccal odour Ls due to the presence of indole and 
skatole. It is also present in jasmine flower oil 
(from Jasminum grandifloruni L.) to the extent o£ 
nearly 2 5 per cent from which it can be prepared, 
as well as in orange blossoms and m other flowers. 
If.it is carefully purified and mixed in suitable concentration 
with otlier perfumes, a surprisingly sweet odour of fresh flowers is 
im carted to the mixture, this property being utilized in the perfume 



industry. 

It crystallizes in bright colourless plates, m.p. 52^ It is volatile 
in s*eam and is fairly soluble in hot water, alcohol, ether, etc. It is 
a weak secondary’ Uise forming salts with acids. On oxidation, indole 
IS converted into indoxyl, a compound which appears in the urine as 
its ethereal .suipiiate (see below). Indole is obtained by the decoih- 
position of the amino acid tryptophane by some bacteria and hence 
ihis reaction is utilized in bacteriology’ to identify these orgsmisms. 
There are several colour tests for indole ; e.g., (r) an alcoholic solu- 
tion of p-dimethylamino-benzaldehyde is mixed with the indole 
solution and cone. HCl added drop by drop, a red colour is produced 
(Ehrlich,) ; (2) tlie solution of indole is treated with a little formal- 
dehyde and cone. H^SO, allowed to run in by the side, a violet 
Cfilour is produced at the junction (KondoO; (3) a solution of sodium 
iiiiroprusside is mixed with the indole solution and a few drops of 
i^aOH added, a violet blue colour is produced ^^hich is changed to 
blue by’ acetic acid (I.a'gal). It also gives a cherry-red colour to a 
pine shaving moistened with HCl. 


Scatole, fi-Methyl Indole, C^H,N 



This is present in faeces. It is sometimes excreted 
in the urine as scatoxyl sulphuric acid. It crystal- 
lizes in shining colourless plates, m.p. 95®. and 
has a strong faecal odour. It is volatile in steam. 
It is less soluble in water than indole but di^olvea 
easily in alcohol and ether. With cone. HCl it 
gives a violet colour. On warming with cone. 
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it gives a porple-red coloar. With an alcoholic solution of 
p-diinethylainino-l>cnialdehyde and cone. HCl it gives a bluish violet 
CtjJoUT. 


Indoxyl, ^-Hydroxy Indole, C*H,ON, 

This occurs in human urine as the ^wtassium salt of indoxyl- 
sulphuric acid, known t 
^ C»H,NSO,, Indoxyl is 

formed by the decomposi- 
tion of tryptophane, and 
the amount of indican pre. 
sent in the urine gives 
some idea of the extent of 
bacterial decomposition in 


3Dcr 


i nnnary inciicdfi^ 


cn HB 

Indoxvl 


the intestine* It is easily 
converted into indigo blue 


NH 

rrinar>' indican 

and can thus l>e detected in the urine. The urine is mixed with 
the same volume of cone. flCl and a little chloroform poured in ; a 
dilate solution of bleaching powder is added drop by drop or a traC(r 
td FeCl* or cone. HNO,. and the mixture is vigorously shaken for 
a few seconds and allosved to stand. The indigo blue formed dis- 
solves in the chloroform giving it a blue colour. 


lAdifo 

This occurs in the indigo plant as a glncostde indican 
which should not Ijc contused with the urinary tndtean deserdied 
above although unfortunately they both Ix^ar the same name. When 
the indigo plant is steeped in water, the s^>ecific enzyme present in 
the plant hydmlyzes the glucoside into tndoxyl and glucose. On 
agitation, the oxygen of the air converts the inaoxyl into the 
msoitible indigo- blue, which is separated and pressed into calwis. 




C{OH) 


NH / 
Indoxyl 


^'CM — 
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CO NH 

Indigo-blue 
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For dyeing purposes, the insoluble indigo* blue is converted by 
tedocing agents into the solufiJe mdigo-white The fabric 

U soaked in indigo^white solution and exposed to air. when indigo is 
deposited in the fabric. Indigo-blue is now manufactured cheaply 
by s)mthetk methods. 



CHAPTER XXVIl 


ALKALOIDS 
Nature and Occurrence 

The term alkaloid, as usually applied, means a complex 
nitrogenous substance, obtained from plants, having basic 
properties and whose nitrogen atom generally forms part of 
a ring. They generally possess some physiological action, 
and from the medical point of view they are very important. 
Many of them being very potent poisons, play an important 
role in clinical to.xicology and in crimes. 

The alkaloids occur in plants as salts in combination 
with some common organic acids such as madic acid, oxalic 
acid, succinic acid, tannic acid, etc., or sometimes with 
.special acids, c.g., morphine with meconic acid, quinine with 
quinic acid, and so on. The actual amount of an alkaloid is 
small but by culti\’atjon and selection the yield can usually 
be improved. 

ClaMification of the Alkaloids 

This is generally based on their nuclear structures. The 
following are some of the typical alkaloids classified according 
to the nuclear structure : 

Nucleus 

I. Pyridine 

II. Quinoline ... 

III. Indole 


IV. Isoquinoline 

V. GlyoxaJine ... 


Alkaloid 

Nicotine, anabasine, coniine„ 
lobeline, etc. 

Quinine, cinchonidine, etc. 

Strychnine, brucine, ergo- 
toxine, harmine, yohim- 
bine, etc. 

Morphine, emetine, hydra. 
Stine, corydaline, tubo- 
curarine, etc. 

Pilocarpine, etc. 
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Nucleus Alkaloid 

VI. Tropane ... ... Atropine, hyoscyamine, co. 

came, dioscorine, etc. 

VII. Lupinane ... ... Lupinine, sparteine, cytisine, 

■ etc. 

VIII. Phenanthridine ... Lycorine. tazettine, etc. 

IX. Alkatoidal Amines .. Ephedrine, colchicine, mus- 

carine, etc. 

X. Undetermined ... Aconitine, alstoninc, cones- 

sine, ajmaline, solanine. 
etc. 

General Properties and Reactions of Alkaloids 

As a rude they contain the four elements C, H, N and 0, 
but a few are known (such as, nicotine, coniine, etc.) which 
do not contain oxygen. A few alkaloids (such as nicotine 
and coniine) are liquids and volatile in steam, but thc'majority 
are crystalline solids which are non-volatile. A very few 
alkaloids, such as berberine, serpentine, etc., are coloured but 
the vast majority are colourless. The free bases arc, as a 
rule, insolubde in water but they' dissolve in neutral organic 
solvents such as chloroform, ether, benzene, alcohol, etc. 
The salts, on the other hand, are very soluble in water and 
fairly soluble in hot alcohol but almost insoluble in solvents 
like ether, chloroform or benzene, and they crystallize well. 
The free bases can thus be puecipitated from their aqueous 
soluticHis by alkalies, and extracted by means of ether, chloro. 
form, benzene, amyl alcohol, etc. The naturally occurring 
alkaloids are all optically active, asually hevorotatory. The 
salts may sometimes possess an optical activity opposite to 
those of the free bases, e g., nicotine or aconitine. T^y have 
gfenerally a bitter taste and possess marked physiological or 
toxieproperties. 

Tney are usually tertiary bases and have an alkaline 
Ireaction in solution. The salts with strong acid may have 
an add reaction owing to partial hydrolysis. The presence 
of an alkaloid may be susp«ted if a precipitate is obtained 
with any of the following reagents, usually referred to as 
alkaJoidal reagents- It should, however, be carefully noted 
that these so-called alkaloidat reagents also give precipitates 
with proteins, amines, etc. The importance of this lies in 
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the fact that in the chemical examination of medico-legal cases 
decomposition products of proteins of animal tissues are 
encountered that give reactions similar to alkaloids. Hence 
they arc known as animal alkaloids, e-g., putrescine, cada- 
verine, etc., which axe coMectively known as ptomaines (Gk. 
plofna — corpse). 

Alkaloidal Reagents. — [a] A solution of mercuric iodide 
in potassium iodide, known as Mayer's reagent, gives an 
amorphous white precipitate, (a,) A solution (lOO c.c.) of 
mercuric chloride (1*3$ g) and KI (5 0 g), which is double 
the strength of Mayer's reagent, is known ^ Tanret's reagent 
and is used for the estimation of minute amounts of quinine 
in tissues. (6) A solution of iodine in potassium iodide, 
knowm as Wagner's reagent, gives an amorphous brownish 
precipitate. (c) A solution of bismuth potassium iodide ^ 
known as Dragendorff's or Kraut's reagent, gives am orange- 
red precipitate. [d] A solution of phospho tungstic acid,, 
known as Scheible/ s reagent, gives a white amorphous 
precipitate, (e) A cold saturated aqueous solutioii of picric 
acid gives a crystalline yellow precipitate. (/) Dilute 
aqueous solutions of piatinic chloride or gold chloride give 
cry'stalline y^ellow compounds which have characteristic melt, 
ing points and are, therefore, used both for identification as 
well as for the determination of the molecular weights. For 
further details see Toxicology^ (pp. 479 — 481). 

General Principles for the Isolation of Alkaloids. 

The alkaloids occur in plants as salts of organic acids, 
and usually two or more alkaJoids occur together in the same 
fJant. The method of isolation of the total alkaloids and the 
separation of the individual members depend largely on their 
properties and the process may vary a good de^. It is, 
however, desirable to remember a general method of extrac- 
tion of the total alkaloids from a plant which is partially 
applicable to fnost alkaloids. 

For the isolation of alkaloids and other toxic organic 
comjxjunds from animal organs such as liver, stomach, 
kidney, &c,, generally called viscera, a modification of the 
original Sta^Otto Process is used in medicoJegal work, and 
the g^eral principle of this process is also described later. 
See Toxicology (pp. 427—431). 
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(i) From PUntts — The air.dried material 
is coarsely powdered and extracted in a large 
^ss percolator, capacity about 5 litres (see 
Fig. 40) at room temperature with rectified 
^irit for 24 hours. The extract is drawn off 
and the drug soaked in fresh rectified spirit, 
and the process is continued until no appre- 
ciable amount of alkaloid is extracted. ^e 
alcohol is at first recovered by distillation 
.^der ordinary pressure and finally under 
reduced pressure. The residue is taken up 
with a dilute solfition (about one per cent) of 
HCl until all the alkaloid is extracted. The 
acid aqueous extract is filtered, taken in a 
separating funnel and made alkaline with a 
solution of sodium carbonate or ammonia. 

The bases set free are extracted by shaking Fig. 40 
several times with an organic solvent, usually 
chloroform. The chloroform solution is dried with anhydrous 
potassium carbonate, Wtered, and the 
solvent recovered by distillation. The 
residue, which now contains the ‘total 
alkaloids’, is dried a^d weighed. This 
residue may contain two or more alkaloids 
and the inmvidual members are separated 
and purified by special methods depend- 
ing upon the properties of the components. 

N B. For a quick and complete extt^tkm 
of a plant material on a ioiaU scale with au 
organic solvent such as petroleum ether, ether, 
cl^olotfn. alcohol, etc., as may lie doewablr 
tor a qualitative or quantitative investigation 
of a onig the usual SoxhUt apparatus (See 
Fig. 41) is employed. An improved pattern ot 
the apparatus In which the extraction takes 
place with the hot solvent, is also shown here 
(See Fig. 4a). 


Fig. 41 

(3) From Animot Orgosa.— See the Stas^Xto method 
of extraction (pp. 4*7— 43*)- 
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I. ALKALOIDS WITH A PYRIDINE NUCLEUS 


Nicotine, ^.PyridyU-N-methyl^yrrolidine, C„H„N,, 

Occurrence — Nicotine occurs along with several other 
alkaloids (such as, nicotimine, anabasine, nicotyrine, etc.) in 
the Nicotiana species of plants of which 
tobacco, Nicotiana tabacum Linn., is the, 
best known. The alkaloid is present in 
tobacco leaves as a salt of malic acid or 
citric acid. The total alkaloids in dried 
tobacco leaves may go up to 6*0 per cent, 
of which nicotine usually forms about 97 per cent. For oftier 
details, see Toxicology, pp. 478 — 483. 



Preparation from Tobacco Leaves, — The dry leaves are 
finely powdered and then exhausted with water or very 
dilute acid. After filtration and concentration the extract is 
made alkaline with a slight excess of caustic soda and 
subjected to steam distillation, when the nicotine distiJs over. 
The distillate is neutralized with oxalic acid and concentrated. 
When cool, ether is added and the solution made alkaline ; it 
is then well shaken to ensure extraction of the alkaloids by 
the ether. The ethereal solution is separated and the ether 
evaporated off. The residual liquid is dried in a current of 
hydrogen and nicotine is obtained pure by fractional distilla- 
tion under reduced pressure. 

properties, — Nicotine is a colourless oily liquid with a 
peculiar odour and a burning unpleasant taste ; sp. gr. 1*009 
at 20°. It boils at about 247° with partial decomposition, 
but distils unchanged und^ reduced pressure. On keeping it 
turns brow^n. It is volatile with steam. It is readily soluble in 
water, alcohol, ether, chloroform and petroleum ether. The 
sp. rotation of the pure base, ^ = — 168*5°. "Th® 
rotation of the hydrochloride B.HCl, [a] d = -h 102*2® (in 
water) and that of the sulphate, [a] d = +84*^* 

The picrate^ crystallizes in prisms, m.p. 224°. 

Tobacco is largely used for smoking, chewing and 
snuff. Its effects on health have been the subject of many 
investigations. The alkaloid is certainly very poistmous and 
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most of US have probably experienced its effects in a mild 
form on our fi;st attempts to use it. Thete may be «, feeling 
of nausea, sweating smd a sense of collapse. HabittUition 
rapidly dta-elops, but over-smoking is liable to be followed by 
pains in the heart region. Crude nicotine frequently adul- 
terated with pj'ridine is used as an agricultural insecticide. 

For tests see pp. 481 — 482. 

Coniioe* o-PropyLptperidtne , C,Hj,N 


Occurrence . — This alkaloid is founci along \rith other 
alkaloids (such as methylconiine. coniceine, conhydrine, 
etc.) in hemlock, Conium maculatum 
Qlj Linn. Historically, it may be of in- 

terest to note that the juice of the 
***| T*** hemlock was used by the Greeks as a 

hJI judicial poison for criminals, 

***^\/ and Socrates met his death by means 

NH . (){ this poi.son. The fruit, which is 

used in medicine, contains from 07 to 
10 per cent of total alkaloids, of which coniine may cons- 
titute about 10 per cent. 

Preparation.- The fruit of the plant is crushed, made 
aBcaline with sodium carbonate and distilled in steam. Tire 
distillate obtained is neutralized with HCl and cv'aporated to 
dryness. The residue is extracted with dry alcoTOl which 
di^lves the salts of the alkaloids. The alcohol is removed 
and the salts di-ssolved in water. The bases are liberated by 
caustic soda and extracted with ether. The ether is removed 
at a low temperature and coniine is separated from the other 
alkaloids iractional distillation in a current of hydrogen. 


Properties. — d-Coniine, the naturally occurring alkaloid, 
is a colourless, strongly alkaline liquid with a penetrating 
odour and burning taste, b.p. 167° ; sp. gr. 0-^3 at 19* 
It is very slightly soluble in water but dissolves easily 
in alcohol and ether. The base has a sp. rotation 
[a] ’o = -H5 7® (pure liquid). The hydrobrofriide B.HBr. 
which crystallizes in needles and melte at 211®. is used as a 
sedative. The picrate, which crystallizes from hot water in 
yellow needles, mdts at 75*. 
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II. ALKALOIDS WITH A QUINOLINE NUCLEUS 

Cincliona Alkaloids. — ^The cinchona tree, which 
origiijaUy came from South America, is now grown widely 
in Java, which supjrfies nearly 90 per cent of the worid 
supply of quinine. It is also cultivated at Mungpoo in the 
Darjeeling district, in the Nilgiri Hills in Southern Jndia, 
and in Ceylon. There are several species of the cinchona 
tree, such as Chinchona officinalis Hook, C. sucdrubra Pav., 
C. calisaya Wedd., C. ledgeriana Moens, etc. In Java, the 
bark of C, sucdrubra has been found by cultivation to 3neld 
nearly 10 per cent of total alkaloids with a preponderance 
of quinine and cinchonine. The species growing in Mungpoo 
is C. ledgeriana Moens and the hybrid ]^tween C. ledgeriana 
and C, sucdrubra, and shows a content of 5 to 7 per cent 
of total alkaloids in the bark. 

There are several alkaloids in cinchona bark and they 
may be divided into drystallizable and amorphous alkaloids. 
Among the crystallizable alkaloids, the more important ones 
are quinine, quinidine, cinchonine and cinchomdine. 

The term dinchona febrifuge is applied to a mixture 
of the total alkaloids obtained from cinchona bark (C. led- 
geriana, C. sucdrubra, and other suitable species of cinchona) 
after removing the bulk of quinine. This forms a cheap 
antimalarial drug and should contain not less than 7 per cen^ 
of quinine and not less than 50 per cent of total crystallizable 
cinchona alkaloids A better standardized preparation, 
known as totaquina, has been suggested by the League of 
Nations. Totaquina (totaquine), as defined in B.P. 1948, is 
a mixture of the alkaloids &t>m the bark of Cinchona 
sucdrubra Pav., C. robusta Howard, and other suitaWe 
species of Cinchona containing not less than 70 per cent, of 
crystallizable cinchona alkaloids, of which not less than 
one-fifth is quinine. 

Quinine, CaoHj^O^Nj j 

Preparation, — Quinine and other alkaloids are present 
in the cinchona bark chiefly as salts of quinic acid and ot 
cinchotannic acid. The bark is dried and powdered. It is 
then made into a paste with fresh milk of lime in order to 
liberate the bases from their salts, and the p^te 
The powder is then extracted hot with a fairly nigh boihhg 
32 
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fraction of petroleum, and the alkaloids are removed from 
CH N CH petroleum extract 

ai C-CH«)HJ N liied with caustic soda 

and concentrated under reduced pressure. On cooling, crystals 
of ^'mae sulphate, which is less soluble than the suljAates 
■'of the o&er alkaloids, separate out. It is filtered off and 
fxu^ed by recrystallization from water with the help of 
animal charcoal. The filtrate from the precipitated quinine 
sulphate is utilized in preparing the other alkaloids or for 
the preparation of totaquina or cinchona febrifuge. For die 
pnra^tkm of quinine (base), the pure sulphate is dissolved 
m not water and precipitateid by caustic soda. The base is 
washed with water, dried, and recrystallized from alcohol. 
For the preparation of the bihydrockloride, used for injec- 
tions, the acid sulphate is treated with the calculated amount 
of BaClj, avoiding any excess of the latter : 

Q.HjSO, + BaCl, = Q.2HCI + BaSO.. 

ii- Properties, Uses and 'Tests . — ^Quinine (base) crystal- 
s' from alcohol in colourless needles, m.p. I73’5'’ (dry). 
Wien obtained by precipitation from a salt by means of an 
alkali, it is found as an amorphous, colourless powder. It 
is very sparingly soluble in water (i in 1750 at 25') but is 
easOy soluble in alcohol, ether, and chloroform. Sp. rotation 
W’o =»=-“I58“ (in 99 per cent alcohol). It is a diacid 
ba^ and Jorms neutral and acid salts. The base and the 

salts art all \'ery bitter in taste. Quinine sulphate, 

is the Mphate. ind crystallizes 

bomng water in shining needles ; these effloresce on 
t^xposme to air or when kept over cone, H,SO* and fonh 
m.p. 205". The salt B,.-H,SO«.74H.O 
is soioble with difficult in water (:t “ 7*® 25"), l^t is 

more SoluUe in akotoi or better in a mixture of 2 parts of 
cWorerfonn and one patt of alcohol. It shows the rota* 
tiem, [o] SB — ^i66'36* (alcohol). The acid aiiphate 
B,H,S 0 *. 7 fi ,0 forms colourless ortho^homWe ciyrta^ 
m.p, 160*, rotation [«1|, ■ — (dry salt in watof- 
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It is easily soluble in water and alconol. Quinine Aydh?- 
cMoride cr>^tailizes in needles and is easily 

soluble in water, alcohol and chlorofom ; sp. rotation 
[a]D = — (water). The aqueous solution is neutral 
to litmus. Quinine bihydrochloride or acid hydrochloride 
B.2HCI crystallizes in colourless needles, and is veiy soluble 
in cold water (i in o 75). The hydrochlorides and sulphates 
are veiy largely used in medicine, especially in the treatment 
of malaria, the, Miydrochloride being used for injections. 

Arlstochin, the carbonic este r of quinine, jCO, is a 

tasteless derivative used for infants. It is a whit« powder, m.p. 
it is almost insoluble in water but is easily soluble in alcohol. It 
gives the thalleioquin reaction, given by quinine (see below). 

HuquiDine, Quinine ethyl carbonate, C^H.^O^N^-COO. 
prepared by the action of ethyl chlorocarbonate on quinine ; a taste- 
less, colourless, crystalline powder, m.p. 95®, used for children ; 
slightly soluble in water easily soluble in alcohol and dilute acids. 
It gives the thalleioquin reaction. 

Tests for Quinine: (i) a solution of quinine in dilute sulphuric 
acid exhibits a bluish fluorescence- {2J Thalleioquin reaction: If 
bromine- or chlorine- water is added drop by drop to a slightly add 
solution ol^ a quinine salt until the bromine or chlorine is present in 
very slight excess and then an excess of dilute ammonia is added, an 
emerald green colour is produced. On adding to this a few <$rops 
of a freshly prepared solution of potassium ferricyanide, the colom|f 
turns red (ro seo quinine) . ^ 

Quinine is largely excreted by the kidneys and so by testing 
the urine it is easy to tell w'hether a patient is taking his quinine 
or not. 

Quinidine, This is an isomer of quinine being dex- 

trorotatory whereas quinine is laevorotatory. It is found in small 
quantities in mOvSt cinchona barks, C. calisaya Wedd. b^|iig specially 
rich in this. 

Preparation . — It can be prepared from the mother liquor, from 
whidi quinine sulphate has crystallized out, by precipitating all the 
alkaloids with caustic soda. The precipitate is extracted with cth«^ 
which dissolves^ out quinidine and cinchonidine. The residue frCflil 
ether is dissolved in dilute sulphuric acid, neutralized with an alkali 
and treated with a solution of sodium potassium tartrate which pre- 
cipitatfes the cinchonidine. From the filtrate, quinidine is precit^itated 
as base, wBish^, dried and crystallized from alcohol. 

Properties , — Quinidine crystallizes from alcohol in crioxtrieSs 
prisms. When anhydrous it melts at 173*5*^ and has the xota^aon 
-b 274-7* {mature of i vol. alcohol -f-2 vols. CHQJ. 
acarcely soluble in water, sparingly soluble in chloroform and petto? 
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leum ether but is easily s<^uble in ether and ^^ohol It a 
base and 'brn^ two series of salts. It gives the thalleiMuin 
and shows bluish fluorescence in dilute .sulphuric acW. It is now 
widely used in the treatment of a certain type of heart disease. 

Cinchonine, Ci,H„ON, 

OccMtrence and Preparation. -This alkaloid m smaU 

quantities in all the varieties of cinchona plant. difiere from 
quinine or qninidine in having the methoxyl group (CH.O) of the 
quinoline ring replaced by hydrogen. 

It may be prepared from the mother liquor from which quinine 
'ailphate lls crystallized out, by precipitato? ^1 the ^ 

ckuUic soda The precipitate is extracted with ether to remove the 
quinine and cinchomdine. The residue is dissolved in the mimmum 
amount of boUing alcohol. On cooling cinchonine crystalhzes out » 
is further purified by recrystallizing the sulphate from hot water. 

Properties. — Cinchonine crystallizes in colourless prisms, m.p. 
364° ; sp. rotation [aliJ = +229° (absolute alcohol). It is scarce^ 
soluble in water but dissolves in alcohol and 

base and forms two series of salts. It does not give the thallei^mn 
reaction and does not show fluorescence in dilute sulphuric acid. 


Ciochoaidine, C^Hj^ONj 

Occurrence and Preparation.— This is M isomer 
and occurs in small quantities in all the cinchona plants, C. succirubra 
Pav.' being richer in this alkaloid. It is prepared from the precipitate 
Obtained uith sodi .m pefassium tartrate (see qmnidine) by 
it in dilute acid and precipitating the case with ex^s of am^ma. 
The precipitate is washed, dried and recrystallized from alcohol. 

properfies.— Cinchonidine crystallizes from alcohol in colourless 
orisiM m.p. 204-5’ ; sp. rotation [a]D = — m (alcohoO. It w 
scarcely soluble in water, soluble in alcohol and ether. It d(^ 
give thalleioquin Reaction and does not fluoresce in dilute sul- 
phuric acid? It is a diacid base and forms two series of salts. 


SOME SYNTHETIC ANTIMALARIALS 
The use of quinine in the treatment of malaria poss^ses 
i^rtain disadvantages. Some susceptible individuals show 
synmtpms of cinchonism and it cannot be' safely given to 
pregnant women or in cases of black-water fever. The 
desire to discover 'a compound which would be superior p 
actiem to quinine as well as to solve the problem of the 
shortage of quinine during a prolonged war led to the 
syntheas of numerous compounds, and three of these which 



ALKAlOros 


34 * 

have stood the test of experiments in malaria are mentioned 
here. 


Mepacrine, AteMin, 2-Chloro-!;-{wdiechylafnino-a--.netk,l 
biitylamivo)-'/ -methoxy acridine, 


The b^, which is shown in the diagram, is prepared by 
the action of «;-diethyIamino-<3-methyl butyl amine upon 2:5- 
dichloro-7-methoxy acridine. Mepacrine dihydro chloride, 
92iJ^3o^N 3C1.2HC1.2H.O (M.W. 508-7), which is used in medicine, 
is a bright yellow crystalline powder with a bitter taste. It is 
soluble in about 40 parts of water. Mepacrine methansulphonate* 
jSO^H.H^O (M.W. 610-2) is a bright yellow 

crystalline solid with a bitter taste soluble in about 3 parts of 
water and in about 36 parts of 95 per cent alcohol ; it is used for 
injection. 

Mepacrine can be estimated by making the solution of the salt 
alkaline with dilute caustic soda, extracting fhe base with chloro- 
form, removing the solvent and drying at 100°. 

This drug is effective against the asexual forms of Quartan, 
B.T., and M.T. parasites, the latter being the most vulnerable to 
its action ; it has no action on the sexual forms of the parasites. 

Pamaquiii, PlasmOquine, 6-Methoxy-S-{w-diethylamino- 
a->nethyl butyl)-aminoquinoline salt of z'.z^-dihydroxy-i'.if- 
dinaphthylmethane-y.s^-dicarboxylic^acid, (M.W. 703-4) 

CH3O 


I N 

NH.CH(CHJ).CH,.CH,.CH2.N (C,H,)3 

The base, which is shown in the diagram, is prepared by the action 
of 2-chloaro-5-diethylamino pentane upoln 6^et^ioxy-8-am5jio 
quinoline. Pamaquin (the above salt) is a yellow to orange yellow 
powder with a bitter taste, almost insoluble in water, but soluble 
(i in 10) in acetone containing 5 per cent of water. 
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Tho base can be cstimatod by making a solution of the salt 
alkaline with dilute caustic soda, extracting the base with 
bensene removing the solvent and drying it at lOo®. The salt 
should contain 43 to 45 per cent of the base. 

PaoKU^uin has a very definite lethal action on the gametocytes 
(sexual Donns) of M.T. parasites, but in non-toxic doses it has no 
appreciable effect on the asexual forms of M.X. or the sexual and 
asexuai forms of B.T. and Quartan parasites. 

Paludrlne 

This is the latest antimalarial drug discovered by British 
scientists. It is a guanidine derivative of p-chloro-benzene and is 
’^stated to have the following constitutional formula. 


Cl 


/ \ 
\ / 


NH 


•NH 


NH 



NH — 


CH 


‘^CH, 


It is a white powder with a bitter taste, soluble in about 50 parts 
of water. 


It is stated to act not only on all the three forms of malaria 
parasites in the blood but also to have effect on those forms of the 
parasites which reside within the solid tissues (reticulo-endothelial 
system) during the incubation period of the disease. 


Some of the more recent and useful synthetic antimalariBLls are 
mentioned below: 


1. Chtoroquin^ Resochin, Aralen, S.N. j 6 i 8 ; this is 7-cliloro-4 
(4-diethylamino.i-TOthyl butyl amino) quinoline, and is used as 
^phosphate ; its properties are similar to those of mepacrine, but 
is stated to possess about 3 times its activity and does not colour 
the skin. 

2. Pentaquine or S,N. 1327^ ; this is 8- (5-isopropyl amino 
amyla;^pino)-6-methoxy quinoline, and is used as monophosphate. 

3. Camequin or Catn-AQI ; this is 4(3'-diethylainino methyl- 
4'-^ydn>xyaiiiIino)-7-chloroquinoline, and is used as dihydrochloride 
aihydrate ; yellow crystalline powder ; one gram dissolves in 5 c.c.’ 
p£ water at 25 °C. 


III. ALKALOIDS WITH INDOLE NUCLEUS 
Strychnine, Cj,HagO,Na 

Ocetdfrence . — Strychnine and brucine occur together in 
Nux Vomica seeds {Strychnos nux vomica Linn.) and in 
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Ignatia beans (Strychnos tgnatii Berg). Both of them, 
contain 2 to 3 per cent of total alkaloids, and in Nux Vomida 
seeds strychnine forms about half the total alkaloids whereas 
in Ignatia beans it forms about two-thirds of the ‘total 
alkaloids. 

Preparation — ^The powdered dry seeds of Nux Vomica 
are' intimately mixed with slaked lime and a little water. The 
mass is dried, powdered and extracted with hot chloroform. 
The alkaloids are removed from the chloroform extract by 
agitation with dilute sulphuric acid, and' the bases precipitated 
from the acid solution with excess of ammonia, filtered and 
dried. On treating the mixture of alkaloids with 25 per cent 
alcohol, the brucme goes into solution while most of the 
strychnine remains undissolved, and the latter is purified by 
recrystallization from alcohol. 

Strychnine crystallizes in colourless prisms, 
m.p. 2^°. The base is very slightly soluble in water or 
ether, but is soluble in 90 per cent alcohol and in beir^ne ; 
it is easily soluble in chloroform. The sp. rotation of the base 
£a]D = — 139*3° (in chloroform). The base is monoacidic 
and forms salts with acids of which the nitrate B.HNO,, 
sulphate B2.H2SO4.5H2O and hydrochloride B.HCl. zHjO 
are used in very small doses in medicine as a tonic or heii: 
stimulant. Strychnine is highly toxic and is used as a vermin 
killer and in killing stray dogs in the streets of Calcutta. 

Tests: — For tests see Toxicology (pp, 494-495J. 

Brucine, 

Preparation. — As mentioned under strychnine, brucine is found 
in solution when the mixed alkaloids from Nux vomica seeds ar^ 
extracted with 25 per cent alcohol. The solution is concentrated 
the bases precipitated as neutral oxalate. The oxalates are dnedand 
extracted with dry alcohol in order to remove the strychnine^xalatei 
The brucine oxalate is dissolved in hot water, decolorized with animal 
charcoal, filtered, and the base precipitated by ammonia. The ba^ 
is converted into sulphate which is purified by recrystallization frODh 
water. The base liberated from the pure sulphate may be further 
purified by recrystallization from aqueous alcohol. 

* Properties and Tests. — ^The. alkaloid crystallizes from 
alcohol in colourless prisms, B. 4H,0, m.p, 105° ; m.p, of anhydr^^ 
base 178® ; sp. rotation [a]u = — 119“ to — 127® (chloroform). . Jf 
is slightly soluble in cold water but more so in hot water. It 



344 ORGANIC AND TOXICOLOGICAL CHEMISTRY 

soluble in alcohol, chloroform and amyl alcohol, but less so in ether. 
It 19 a monacid base, forming salts like B.HC3. B,.H, SO*. 711,0, etc. 

Tests , — For tests see Chapter 34. 

Ergotoxine, 

Occurrence . — ^This alkaloid occurs in ergot which con- 
sists of the mycelia of the Claviceps purpurea found to gfow 
on cereals, b^t on rye. Ergot contains several alkaloids, 
such as .ergotoxine, ergotinine, ergotamine, ergometrine, 
etc., and a good sample of ergot should contain not less than 
0*05 per cent of total alkaloids, calculated as ergotoxine. 

Preparation . — Powdered ergot is extracted with alcohol 
until exhausted and the alcohol is recovered by distillation. 
The residue is washed with petroleum ether to remove oily 
matter and extracted with ethyl acetate The ethyl acetate 
solution is extracted with a solution of citric acid until all 
the alkaloids are removed. Sodium bromide is added to the 
citric acid solution to precipitate ergotoxine and ergotinine 
as hydrobrumides- These hydrobromides are dissolved in 
water, made alkaline with caustic soda and extracted with 
ether to remove the ergotinine. The alkaline solution is 
neutralized and again made alkaline with sodium carbonate 
and extracted with ether which dissolves out the' ergotoxine. 
Th^ residue obtained from the ether is dissolved in alcohol 
and converted into the phosphate. The ergotoxine phosphate 
is purified by recrystallization from alcohol. 

Properties . — Ergotoxine phosphate B.HgPO^.HjO 

ciystallizes in needles m.p. 186° it is soluble in water and 
alcohol. Ergotoxine shows all the characteristic physiological 
action of ergot and is used as a standard for the assay of 
ergot preparations. Ergot is mainly used in medicine for 
produc^g contraction of the uterus after delivery. 

IV. ALKALOIDS WITH AN ISOQUINOLINE 
NUCLEUS 


Opiim Alkaloids 

Opium. — This is the air-dried latex or milky exudation 
obtained by incising the unripe capsules of the opium pQpfy^ 
{Papaver sommferum Linn.), which is grown in India^ 
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China, Persia and Asia Minor (Smyrna). Opium, as 
usually found, is a dark tenacious substance and comes to 
the market in the form of balls about the size of a coconut. 
The substance itself has a peculiar aroma which is veiy 
characteristic. See opium in Toxicology, pp. 483— 490. 

Opium is used largely by Hakims and Kavirajes and is 
also used in Western medicine but now-a-days its use has 
been largely displaced in scientific medicine by its alkaloids,, 
chiefly morphine. Opium is largely used in medicine as a 
sedative and hypnotic drug. Apart from its legitimate use, 
it is frequently employed for smoking as chkindu and gooli 
and also for eating. 

The two most important alkaloids of opium are morphine 
and codeine, but about 23 other alkaloids (narcotine, the- 
baine, papaverine, protopine, etc.) have been isolated from 
opium. The amount of total alkaloids in Indian opium may 
go up to 40 per cent, and Government opium contains about 
10 per cent of morphine and about 1*4 of codeine. 

The alkaloids found in opium occur in combination with 
meconic acid. Besides the alkaloids there are pfoteins, 
waxes, gums, resins, sugars, organic acids, and some other 
constituents. The presence of the alkaloid porphyroxine is 
believed to be the characteristic feature of Indian opium. 

Morphine, Ci 7 Hj^ 03 N. 

Preparation.— This is ^prepared from opium by extracting 
it with hot water. The hot water extract is treated with 
chalk and concentrated calcium chloride solution is added 
followed by a little water. A precipitate of resin and calcium 
meconate forms, which is filtered off and the filtrate is con- 
centrated, when morphine and codeine hydrogjilorides 
crystallize out. To separate morphine from codeine, the 
hydrochlorides are again dissolved in water and excess of 
ammonia added which precipitates most of the morphine with 
a little of the codeine. The morphine is purified by recry. 
stallization from hot alcohol. 

Properties, — Moq)hine crystallizes from alcohol in 
colourless prism^ with one molecule of "wateir of c^stailhza- 
tion, m.p. 254 (with decomposition) ; sp. ' ro^tion 
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[a] *3 ^ _i30-9'“ (methy alcohol). It is bitter in taste 
and is very sparingly soluble in water, ether, chloroform or 
benzene. It is fairly soluble in hot alcohol, in amyl alcohol 
and in ethyl acetate. Morphine’ has got two hydroxyl groups, 
one phenolic and the other alcoholic. Owing to the phenolic 
hydmxyl group, it is easily soluble in lime water and in alkali 
hydroxides, and gives the colour reaction with ferric chloride. 
It reduces salts of gold and silver, permanganate, iodic and 
periodic acids. When heated with strong alkalies, HCl or 
chloride, it loses a molecule of water and is converted 
into apomorphine C^^Hj^yOaN, a powerful emetic drug. 

Morphine is a monacid base. The hydrochloride, 
B.HC1,3H30, used in medicine, crystallizes in colourless 
needles; sp. rotation [a] == — 100-67“ + 1*140, where 

c=conc. in water. The sulphate Ba.H^SO^.SHaO crystallizes 
'in colourless silky needles ; sp. rotation [a] = _ioo*47“ 

+ o*g6c, where c = conc, in water. It is a very powerful 
habit.forming drug (morphomaniac). 

Tests, — For tests see pp. 487 — 489. 

Heroin, Diacetylmorphine hydrochloride Hi,NO,(CO.CH,h. 
HQ.— This is prepared by heating morphine with acetic anhydride, 
thus replacing the two hydrogen atoms of the two hydroxyl groups of 
morphine with two acetyl groups. The hydrochloride, m.p. 232*, is 
soluole in water and alcohol. It is used in medicine as a sedative 
and is stated to cause less mental depression than morphine. 

Codeme, 

Occurrence and Preparation. — ^This alkaloid may occur 
in opium to the extent of ot to 3 0 per cent. It is a methyl 
ether of rnoiphine, the hydrogen atom of the phenolic hydroxyl 
group being replaced by methyl group. It is, therefore, often 
synthesized from morphine by methylation. It is prepared 
from opium by treating the mother liquor, from which mor- 
phine (see this) has been precipitated by ammonia, with 
caustic potash when the codeine is precipitated. The codeine 
is then purified by recrystallization from ether or benzene* 

Properties and Uses. — Codeine crystallizes from water 
in colourless prisms with one molecule of water of crystalli- 
zation, m.p. 155*^ (anhydrous). It is fairly soluble in hot 
wter, but moT^ in alcohol, chloroform, ether and benzene; 
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sp. rotation [a] d= — iii'S"* (chloroform). It is sparin^y 
soluble in ^ueous solutions of alkali hydroxide, and is a 
strong monacid base. The hydrochloride B.HCl.aH^O 

crystallizes in needles ; sp. rotation [a] ^ = — 108*2' 
(water). The sulphate B3.H2SO4.5H2O, crystallizes in 
colourless prisms, m.p. 278® ; sp. rotation [a] = — 101*2^ 

(water). The base as well as the sulphate and phosphate 
are used as hypnotics and sedatives. 

For tests see p. 492. 

Emetine^ CjeH^^O^Nj 

Occurrence . — Emetine is found in the roots of Psychotria 
ipecacuanha Mull. — Arg. {Ipecac) found in Brazil. The 
plant is also cultivated in the Federated Malay States’ and 
has more recently been introduced into India and is growing 
at Mungpoo in the Darjeeling district. Besides emetine, the 
most important alkaloid, ipecac contains smaller quantities 
of cephaeline, psychotrine, emetamine, etc. Brazilian roots 
may contain about 2 5 per cent of total alkaloids of which 
about 70 per cent may be emetine. The ipecac roots from 
Mungpoo have teen found to contain about 2*6 per cent 
of total alkaloids with 1*34 per cent of emetine. The intro- 
duction of emetine in Indian medicine has revolutionized the 
treatment of the comparatively common complaint amoebic 
dysentery and hepatitis* which in the pre-emetine days were 
so oft-^Ti associated with serious complications. 

Preparation . — The powdered roots are extracted with 
alcohol, the extract is concentrated under reduced pressure, 
diluted with water and washed with ether to remove oily 
and resinous impurities. The aqueous liquid is made alkaline 
with sodium carbonate or ammonia, and the alkaloids 
extracted with ether. The etheral solution is washed with 
dilute caustic soda to remove the phenolic alkaloids (cephseliOe 
and psychotrine) and the emetine finally taken up with dilute 
hydrochloric acid. It is further purified by reoystallizing 
the hydrochloride and liberating the base from the pure 
hydrochloride with ammonia. 

Properties, Use and tests . — Emetine forms a white 
amorphous powder, m.p, 74^; sp. rotation [ajo « ,^50'' 
(chloroform). It is easily soluble in ether, alcohol and 
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chloroform but is less soluble in light petroleum Md benzene 
The hydrochloride B.zHCl.yHjO crystallizes from water in 
colourless needles, m.p. 235*— 255° (with decomposition) ; 

rotation [a]D = +53” (chloroform). It is largely used 
in medicine in tte treatment of amoebic dysentry. If given 
^ the. mouth it produces intense emesis (vomiting) and 
hence the name emerine. For test (B.P.), fake one c.c. of 
cone. HjSOj containing 0 005 g. of pare molybdic acid and 

sprinkle a small quantity of the alkaloid in powder a bright 

green colour is produced. 

V. ALKALOIDS WITH A GLYOXALINE 
NUCLEUS 

These are derived from the glyoxaline or iminazole ring 
with the following structure. Other important compounds 
containing this heterocyclic structure are histidine and 
histamine. 


C— N. . 

l-.> 


C^HC jCH- CH2- C 



'CH2 HO 


Pilocarpine, C,.H.AN, 

Occifirrence and Preparation , — This alkaloid occurs alcMig 
with pilocarpidine in the leaves oP Jaborandi, Pilocarpus 

jahorandi Holmes. It is ex- 
traded by treating the powdered 
leaves with acidulated alcohol. 
The alcohol is distilled off and 
the aqueous residue just neu- 
tralized with ammonia and 
mtered to remove resins, etc. The alkaloids are liberated 
in the filtrate with excess of ammonia and extracted with 
chlomform. The residue from chloroform is dissolved in a 
little water and neutralized with dilute nitric acid. The 
pilocarpine nitrate is obtained pure by recrystallizinrj it from 
alcohol. ° 


Properties and Use . — Pilocarpine is a colourless oih 
soluble in water, alcohol and chloroform and almost in- 
soluble in ether or petrolenm ether. The sp. rotation 
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[a]D = 4 -icx)- 5 ° (chloroform). It is monacid base; the 
nitrate B.HNOjj crystallizes in colourless prisms^ m.p, 178"^; 
sp. rotation [ajn = +829® (watei^) ; the hydrochloride 

B.HCl crystallizes in prisms m,p, 204 "" ; sp. rotation 
[a]D = +9174° (water). Pilocarpine causes increased 
secretion by salivary, lacfcurymal and gastric glands and its 
salts are used as diaphoretics. It contracts the pupil and is 
used as an antidote to atropine. It promotes the growth of 
hair. 


VI. ALKALOIDS WITH A TROPAKE NUCLEUS. 


The members of this group of alkaloids, often known as 
the mydriatic alkaloids on account of the property of dilating 
the pupil of the eye, are found in the Solanaceous plants 
like A^opa belladonna linn, (deadly nightshade), Datura 
stramonium Linn, (thorn apple), Hyoscyamus niger Linn, 
(henbane), etc. Three members oV this series are very 
important medically, viz.,, atropine (dl-hyoscyamine), 
i-hyoscyamine and hyoscine (scopolamine). The two fonner 
are esters of tropic add and the base tropine, whereas hyoscine 
is the ester or tropic acid and the base scopoUne (oscine). 


OH2OH 

I 

H.C.COOH 


CH,- 


-CH- 


kcH. 


-CHj 

CH.OH 


C.H, CH, CH CH. 

Tropic acid Tropine 


Atropine, dl-Hyoscyamne, 


CH, CH CH, CH^H 

I I ' I 

N.CH, CH.O.CO.— CH 
CH, CH CH, CeH, 

Occiinence. — Atropine occurs only in traces in plants 
■which contain l-hyoscyamine, hyoscine (scopolamine), and 
other alkaloids. The alkaMd is, therefore, prepared by the 
fucstmzaHon of l-hyoscyamine isolated from plants such as 
Datura stramonium, Atropa belladonna or Hyoscyamus niger 
which are rich sources of l-hyoscyamine. Of these plants, 
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the last two are foun<l to occur in India, chiefly in Kashmere. 
The common Datura found in Bengal is D. fasUtosa (see 
Toxicology, Chapter 34), the seeds of which are Mch in 
alkaloids, especially hyoscine. 

Preparation of Hyoscyamine and its Racemization to Atropine , — 
The dry roots of Atropa belladonna are coarsely powdered and 
extracted repeatedly with rectified spirit until all the alkaloids are 
exhausted. The alcohol is recovered under reduced pressure and 
the residue extracted repeatedly with one per cent HCl. The aqueou^ 
acid extract is filtered, made alkaline first vdth sodium carbonate 
^ution and then wdth ammonia and thfe alkaloids extracted with 
(mlorofonn. The chloroform extract is concentrated and the alkaloids 
extracted by shaking with dilute HCI. The acid extract is made 
alkaline with sodium bicarbonate and shaken 2 or 3 timea with 
sulphuric ether, which removes the hyoscine (scopolamine). The 
aqueous solution is then treated with ammonia and the precipitated 
hyoscyamine extracted woth chloroform. The chloroform extract is 
dried with solid potassium carbonate, filtered and the chloroform 
removed. The residual crude hyoscyamine is purified by recrystalli- 
zatioD from hot light petroleum (b.p, 80° — 120°). 


To prepare atropine, purified T-hyoscyamine is racemized either 
by treating its solution in absolute alcohol with a dilute solution of 
caustic soda in absolute alcohol at room temperature for 10 or 12 
hours or by heating 1-hyoscyamine in chloroform solution under 
pressure to about 120®. 

Properties and Use. — Atropine crystallizes from alcohol in colour- 
less prisms, m.p. ii8“. It is sparingly soluble in cold w'ater but 
more easily soluble in hot water (i in 87 at 80°), the aqueous solution 
being bitter in taste. It is easily soluble in alcohol, chloroform and 
ether. The sulphate is a colourless crystalline powder, 

m.p. 195^, and is used in medicine, especially in ophthalmic work to 
pr^uce dilatation of the pupil. Datura is sometimes used in India 
for drugging as an aid to robbery (see Toxicology, p. 497)- 

Tests, — For tests see pp. 498-499. 


Cocaine, Methyl benzoyl ecgonine, 

CH, CH CH.COOCH, 

i . I I 

N.CH, CH.O.CO.C.H, 
CH, CH CH, 


Occurrence . — Cocaine and its associated aikaioids are 
obtained from Coca leaves, Erythroxylon coca Ldnn., found 
in Peru, Bolivia, Java and Ceylon. The amount of alkaloids 
in the leaves varies from 07 to 16 per cent. 
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Preparation , — The finely -powdered dty leaves are 
extract^ with dilute sulphunc acid, the solution treated with 
sodium carbonate and the precipitated alkaloids extracted 
with light petroleum. The alkaloids are shaken out of the 
petroleum with dilute sulphuric acid and reprecipitated with 
sodium carbonate. The base is converted into hydrochloride 
which is recrystallized from water and the cocaine liberated 
from the pure hydrochloride thus obtained is reciystallized 
from alcohol. 

Properties . — Cocaine crystallizes from alcohol in colourless 
prisms, m.p. 98®. Its sp, rotation [«] d = — iS’S** (chloroforpi). It 
is very sparinglv soluble in water but dissolves easily in alcohol, 
ether, chloroform, benzene and light petroleum. It is a strong monacid 
base forming salts with acids. The hydrochloride B.HCl, which is 
commonly used in medicine, crystallizes from alcohol in colourless 
prisms, m.p. 201° (dry) ; sp. rotation [aln ~ — 71 * 95 “ {2 per ceut 
aqueous solution^. It is easily soluble in water but less soluble in 
absolute alcohol. 

Cocaine owes its medical importance to the fact that it produces 
anaesthesia when applied to an absorbing surface, hence it is largely 
employed as a local ancssthetic in eye surgery, in dentistry, and in 
ear, nose and throat troubles. It has also a peculiar psychical action 
stimulating the brain and causing a feeling of well-being ^th the 
result that it is often resorted to by drug addicts with disastrous 
results as the habit so formed is almost impossible to break, and 
usually ends in complete moral and physical degeneration of the 
unfortunate individual. Addicts may employ subcutaneous injection 
of the drug or use it as a snufi ; it is often alluded to as ‘snow . 
Cocaine addicts are quite common in India. 

Tests . — For tests see pp. 504-506. 

Synthetic Local Anaesthetics 

Cocaine solution used for hypodermic injection becomes 
mouldy on keeping ; it decomposes on boiling and carmot 
therefore be easily sterilized. Attempts have, therefore, be^ 
made to prepare synthetic local anaesthetics which would ^ 
cheaper than cocaine, more stable and less toxic, and some 
of these are widely used in medical practice. 

Novocaine, Procaine, Dieihylamino ethyl-p-aminoben. 
zoate hydiro chloride, 

NH2^. CO.O,CH,.CH,.N(C.H,h.HCl 

It is prepared as follows: 
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. V HO CH,CH,.C1 

NO 2 — / \~COCl 

Ethylene chlorohydria 

p-Nitrobenroyl chloride 


NO2— 


^ ~CO.O.CH,.CH,Cl 




NO 2 — ^ CO.O,CH,.CH, NH(C,H.), ► 

\ / H. 


Novocaine 


Novocaine is non-irritant, only one-seventh as toxic as 
^cocaine, and possesses a pow^ul local ansesthetic action 
<see p. 506). 

Pantocaine, ^^Butylamino benzoyl dimetkylamino 
ethanol hydrochloride. 


pC0.0,CH,.CH,.N(CH,),,HCl ; 

This compound is stated to possess 10 times the local 
anaesthetic power of novocaine. 


ALKALOIDS OF UNDETERMINED CONSTITUTION 

Aconite Alkaloids* — ^The aconite group of alkaloids 
axe derived from the ^nus Aconitum of which several species 
are found in India, ilie aconite roots are used both in the 
Hindu and Mohamedan systems of medicine. Wolf's bane 
or Monkshood (Aconitum napellus Linn.) is the Europe^ 
species, the roots of which are imported into India, the chief 
alkaloid being aconitine. The other alkaloids found in the 
different species of aconite roots are pseudaconiiine^ inda. 
conitine, atisiTie, etc. For further details see Toxicology 
^yp. 499 — 501 ). 

Aconitine, Cg^H^yOiiN. 

Preparation . — ^The roots of the plant are finely ground 
and extracted with alcohol. The alcohol is removed under 
reduced pressure and the aqueous acid residue washed with 
ether to remove oily impurities ; the aqueous solution is made 
lightly alkaline with s^um bicarborate and extracted with 
ether which removes the aconitine, leaving the other alkaloids 
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(aconine, benzaconine, etc.) behind. The ethereal solution 
is dried with sod um sulphate and on slow evaporation of 
the ether the aconitine crystallizes out. 

Properties . — It crystallizes in colourless prisms, m.p. 

; sp. rotation [a]D = +I4'6® (chloroform). It is 
easily soluble in chloroform and benzene, less soluble in 
ether and almost insoluble in water. The hydrobromide 
B.HBr.2^H20 crystallizes in colourless tablets ; sp. rotation 
[a]D = — 308° (water). Aconitine is extremely poisonous 
and should be handled with caution. Aconite rocrt is a rather 
commonly employed poison in India, occurring mostly in 
homicidal cases and also frequently accidentally. 

Tests . — For tests see pp. 502-503. 


CHAPTER XXVIII 

ESSENTIAL OILS AND RESINS 

Occurrence and Uses.— The essential oils are widely 
distributed in nature and the characteristic odours of leaves 
and flowers of plants are generally due to the presence of 
these oils. All the natural perfumes belong to this class.' 
Many of these perfumes are very expensive when obtained 
from natural sources and most of the cheap scents on the 
market are nowadays manufactured synthetically in the 
iaborato^}^ The essential oils are used extensively in 
medicine as flavouring agents, carminatives, rubefacients, etc. 

Physical Characters. —The essential oils differ from 
the fixed oils (fatty oils) by being volatile in steam. Like 
the fixed oils they do not produce any permanent translucent 
stain or grease-spot as it is called on paper, and unlike fixed 
oils they all possess characteristic (xlours. Some of them 
are volatile at ordinary temperatures, although the boiling 
points are generally high. They can all be distilled in vacuo 
withoqt decomposition. Most of the essential oils are 
optically act've (cf. fixed oils). Th^ possess rather high 
refractive indices, varying from 1*40 to 1*51 at 20® ; the 
high refractive index (1-51) of cedar wood oil, for examj^, 

23 
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has been utilized for oil-immersion lenses in microscope 
work. The specific gravity of some are lower than water 
(e.g., lemon grass oil 0-899, eucaJyptus oil 0-910), while 
others possess higher specific gravity {e.g., oil of winter- 
green I 187). The essential oils are almost insoluble in 
water. They dissolve freely in absolute alchohol but are’ 
precipitated by dilution with water. 


Chemical Nature and Classification. — The essential 
oils occurring in the plants are generally m'xtures of different 
chemical compounds. They have been classified by Parry 
follows : 

(i) Terpenes ; hydrocarbons of the formula ; 

found in lemorugrass oil, orange oil, etc. ; e.g,, limoncne, a 
monocyclic terpene, and pinene, a dicyclic terpene : 

CH CM, 

\cH - C Cl I,-C /"c (CH. ) , i 1 

\ , ■ VH, \ ! / , 

CH; CHj (;-,j 

Limonene a-Pinene 


(z) Sesquiterpenes ; hydrocarbons of the formula 
; found in cedar wood oil and sandal wood oil ; e.g,» 
cedrene santalene 

(3) Operi^chain Alcohols and Iheir corresponding 
Aldehydes ; found in citronella oil, lemon grass oil and Indian 
geranium oils ; e.g., geraniol. 


(CH,),C : CH CH,.CH,.C(CH,) : CH.CH,OH. 

(4) Aromatic Alcohols of the Camphch^ Series and their 
corresponding Ketones ; found in peppermint*, thuja-, and 
pennyroyal- oils; e.g,, 

CH, CH, 


1 

CH, ^ — 

CH. 

-CO 


CH.C.CH, 


CH, CH— 

— CH. CH. — -i:H— 

-CH. 


Borneol Camphor 


(5) Aromatic Alcohols of the Benzene Series and their 
corres^nding Aldehydes and Ketones ; found in bitter 
ahnond oil, caraway oil, cinnamon oil, ttc.; e.g., cinnamic 
aldehyde, C,H,.CH:CH.CHO. 
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(6) Sesquiterpene Alcohols ; found in sandal wood oil ; 
e g , santalol 

(7) Phenols and their .derivatives ; found in clove oil ; 
e.g; eugenol, 





(8) Esters of any of the above mentioned alcohols ; 
found in lavender o‘l, bergamot oil, wintergreen o:l, etc.; 
e.g., methyl salicylate, CgH^(OH).COOCn3. 

(9) Sulphur Compounds ; e.g., diallyl disulphide, 

€gHiQS2, found :n garlic oil ; ahyl isothiocyanate, C3H5NCS, 
found in mustard oil, etc. 

Extraction of Essential Oils 

(1) By Steam Distillation .— material is moistened 
with water and distilled in a current of steam. The oil 
passes over and is condensed with the steam. The oil either 
floats on the top or sinks to the bottom of the condensed 
water according to its specific gravity, and is separated by 
mechanical means. The portion which forms an emulsion 
with water is redistilled or extracted with a solvent such as 
ether, etc. The essential oil thus obtained is dried and 
distilled in high vacuo. 

(2) By a Solvent . material is extracted with a 
low-boiling solvent such as ether or petroleum ether. This 
method is only used for those delicate oils which cannot be 
exposed to high temperature. 

Turpentine is the oleo-resin that oozes out when incisions 
are made on the stems of various species of pine trees, such 
as Pinus palustris Mill., P. mariCma Lam., etc. This 
industry is common in the hills in certain parts of India and 
in many other countries where pine forests abound. The 
crude exudate is distilled in a current of steam when the 
commercial oil of turpentine (10-25 per cent of the oleo- 
resin) distils over and the non-volatile resin, known as rosin 
or colophony, remains behind. The commercial oil is purified 
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by redistillation when the pharmacopoe al Rectified Oil of 
Turpentine or Oleum Terebinthinae is obtained. 

The rectified oil has a rather pleasant odour and the 
main fraction boils between 155"^ and 160^. It is insoluble 
in water. It d ssoives easily in absolute alcohol, ether, 
petroleum ether, chlorofa.m, and b^mzene, and in fixed Oils. 
When exposed tc air, it abso.bs oxygen, gradually hardens 
and ia converted into a resin. It is, therefore, widely used 
in making varnishes. It is also used in medic ne, both for 
interna] and external use. The oil consists mainly of 
a^pinene which is used in making artificial camphor. 

Camphor, 

Occurrence. — Camphor occurs in the wood, twigs and 
leaves of the camphor tree, C.nnamomum camphora Nees., 
which is cultivated widely in Japan and Formosa and has 
also been found to thr.ve in India. 

Preparation 

(1) Natural Camphor. — The chopped up branches of 
the camphor tree are distilled in steam. The crude camphor 
thus obtained is refined by mixing with charcoal or lime and 
subsequent subiima.ion. The tlowers of camphor thus 
Obtained are thrr pressed into cakes. 

(2) Artificial Camphor, — The oil of turpent'ne, which 
consists mainly of p nene, is dried, well-cooled and treated 
with a current of dry HCl when pinene hydrochloride is 
precipitated as a crystailine mass. The pinene hydrochloride 
is converted fi st intc camphene by treating with an alkali 
and the caliphene is then converted into isobornyl acetate 
by heating with glacial acetic acid. The isobornyl acetate 
gives borneol on hydrolysis. This borneol js then oxidized 
by chromic acid to camphor. 


CH, CH 

1 1 

— CH, 

CH,— 

— r.H— 

rn 

1 CH..C.CH, 




^C,,H,, ► 

1 rfi n A 

:h c 1 


CH, 

c 

Vr'^lXli L/UC JJv 

— CHG 


I I 

CH, CH, 

Pinene Pinene hydrochloride 
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CH, CH CH, CH, CH CH. 


lyotxjrnyl acetate 


CH,.C.CH. 


CH, C- 


CH,.C.CH, ^ 

I 

CH.OHCH, C 


C( 


CH, 

Borneol Camphor 

(Secondary alcohol) (Ketone) 


CH3 


Properties and Uses. — Camphor is obtained in colourless 
crystals. It is I ghter than water. It melts at 175" and boils 
without decomposifon at 209°. It volatilizes when exposed 
to the air and when heated sublimes w thout a residue. It 
is inflammable and bums with a smoky flame. It is very 
sl’ghtly soluble in water (about i : 1000) but dissolves easiiy 
in abk)lute alcohol, ether, chloroform, glacial acetic acid, 
etc. The natural product is dextrorotatory while the 
synthet’c one is inact've or r-form. Natural bomeol which 
is a secondary alcohol is also dextrorotatory. 


Camphor is used in med‘cine as a cardiac and respiratory 
stimulant. Camphor water is s’mply a o-i per cent solution 
in water used largely as a carminative and flavouring agent. 
Spirits of camphor, a jo cent solut’on of camphor (w/v) in 
90 per cmt alcohol, is used in summer diarrhcea. Camphor 
is also used externally as a liniment. The use of camphor 
in the manufacture of celluloid and in some varieties of 
smokeless powder is of much industrial importance. 

Menthol, ^-Methyl-z-isopropyl hexahydrophenol, CjpHjoO 

This is the chief constituent of peppermnt oil, the 
essental oil ob'.ained from the plant Mentha piperita L, 

Qji found in Europe and America as also 

CH3 from Mentha arvensis var, p'peras- 

\ \ cens Holmes found in Japan. It 

ai ^ /CH 3 separates in crystals on cooling the 

c’f. nu oil. . It can be purified by distillation 

and subsequent crystallization from an organic solvent like 
ether, benzene, etc. 


Pure menthol crystallizes in colourless needles, m.p. 44*, 
b.p. 215". It has a sp. gr. of o-88i at 45"^. It is very 
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_ ^ soluble in water, but dissolves easily in alcohol, ether, 

etc. The natural product has a sp. rotation [a]D = — ^50 
(10 per cent axohol). Being a secondary alcohol, it is not 
soluble in aquecus alkal es and is thus distinguished from 
phenols such as thymol or carbolic acid. It is commonly 
employed as a carminative and an external remedy for 
neuralgic headache. 

Resins. — Closely associated with the essentia] oils and 
terpenes are the resms. The resins are the natural secretions 
of plant tissues, tne exudation being either normal or under 
pathoiogical conditions. 

They are all amorphous and vaiy in consistency from 
brittle solids to viscous masses. They are insoluble in water 
and are soiuble in alcohol and to a great extent in ether 
but they are almost insoluble in petroleum ether. They are 
soluble in hot fixed oi.s. Even when freed from adhering 
or dissolved impurities, the resins consst of mixtures of 
various substances such as acids, alcohols, esters or neutral 
substances most of them of very complex composition. 

Resins mixed with essential oils are known as oleo^resins, 
ba.sams or turpentines ; e g,, Canada balsam, commonly used 
in microscopy, copaiba, etc. Resins which are mixed with 
gums are known as gum-resins; e,g., asaphcetida. 

Many of the res ns are used in medicine, such as gum- 
benzoin, balsam of to'u, copaiba^ etc. The weil-known 
purgatives such as podophyllum, jalap, etc., also belong to 
this c.ass. »Resms a e largely used in the preparation of 
varnishes, in the making of some kinds, of soap, and in sizing 
papers Solution of rosin in hot castor oil is very sticky 
and is used in iiiaking 'fly-papers.* 



PART IV 

MISCELLANEOUS 

CHAPTER XXIX 

THE AMINO ACIDS 

The study of ihe amino acids must prove to be of the 
greatest interest to the medical student as these are the units 
largely concerned in the make up of protoplasm and so inti- 
mately cssocrateo with the phenomenon of life. Whenever 
we break up a prote'n either by the action of suitable 
ferments or by the action of alkalies or dilute mineral acids 
we obtain these comparatively simple chemical substances. 

Chemically, an amino ac'd may be considered to be 
derived from an organic acid in which one or more H atoms 
in the chain are replaced by an amino (NH^) group, although 
there may be one or two exceptions, e,g., proline or hydroxy- 
proline. The nomenclature of these am’no acids depends on 
the position of the NH2 group in the chain. Thus, we have 
a-amino propionic acid. CH3.CH(NH2).COOH, P-amino- 
butyric acid, CH3.CH(NH2),CH2.COOH, etc. The amiiK) 
acids should not, however, be confused with the acid amides 
or amin^^s. 

CH3.COOH CH,(NHp.COOH CH3.CO.NH3 CH,.NH, 

Acid Amino acid Acid amide Amine 

General Methods of Synthesis 

(1) By heating the monohalogen fatty acids with 
ammonia : 

CI.CH3.COOH+NH3 - H^N.CH.COOH + HCL 

(2) By the action of hydrocyanic acid on aldehyde 
ammonias forming nitriles of the amino acids which are 
subsequently hydrolyzed by HCl: 

CH^CHtOHD.NH^-fHCN == CH^.CHCCNl.NH^-f-H.O 
CH.CH(CN).NH,-f 2 H ,0 = CH^.CHtCOOHl.NH^ t NH3 . 
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This method is simplified by treating the aldehyde with an 
aqueous or alcoholic solution of NaCN and NH^Cl. The 
NaCN solution gives HCN and NaOH by hydrolysis and the 
NaOH evolves NH, from NH,C 1 . 

(3) By the reduction of ketonic acids in presence of 
NH,: e.g.. 

CH,.CX).C00H+NH, + 2 H - CH,.CH(NH,).C00H-fH,0 
Genera! Properties and Reactions of Amino Acids 

The amino ac’ds are colourless crystalline bodies having 
a high melting point w'hich is often indefinite. Many of them 
possess a sweet taste. They are usually fairly soluble in 
water but insoluble in ether or alcohol. Ail the naturally 
occurring amino acids with the exception of glycine are 
optically active. 

They are amphot:ric (Gk. amphoteros — on both sides) 
in reaction as they contain both carboxyl and amino groups. 
Thus they act either as weak acids o: as weak bases. Wdh 
an acid (HCl), glycine, for example, would form the salt 
CH,{NH2.HCI)C00H and with an alkali (NaOH) it would 
also form the salt CH2fNHj)COONa. Glycine may thus be 
expected to ionise as follows: — 

w — + 

I. H00C.CH,.NH.-fH,0 _ CXX:.CH,.NH,OH -t- H 

Acid ionisation 

n. H00C.CH,.NH. + H,0 ^ HOOCX^^.NH, + OH 

‘ Basic ionisation 

^ — 4- 

III. HOOC.CBj.NH^-fH.O _ (XX:.CH,.NH, -f H.OH 

Zwittcri( n 

(Hermaphrodite ion) 

On the addition of an alkali, an amphoteric eUctrolyte 
(ampholyte) liberates H ions and behaves as an acid (I)» 
and on the addition of an acid it I berates OH ions and 
behaves as a base (II). The splitting off of H o: OH ions 
by an ampholyte depends, therefore, on the concentration 
of H ions ol the solution. There is thus for each ampholyte 
a certain concentration of H ions at which its molecule will 
car.^y the same number of units of positive and negative 
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charges. The molecu.e as a who^e will then be electrically 
neutral and will not migrate in an electric field either 
towards the cathode or towards the anode. The particular 
Ph at which this phenomenon occu:s is called the isoelectric 
point of the ampholyte. At the isoelectric point the 
ampholyte exhibits a minimum solubility. 

The fate of amino acids in the animal organism must 
also arouse intert-st associated as they are with the proteins, 
thus forming an essential part of our food. It is not possible 
to discuss this question here but it may be stated that usually 
the amino ac'ds are deaminized into the corresponding 
hydroxy acids or keto acids and the ammonia given off 
forms urea with carbonic acid: e,g., 

CK,.CHfNHj).COOH CH,.CO.COOH+NH 

CO,-fH,0 + 2NH, C0(NH,),-h2H,0 

Under bacter'al action, am'no acids split off COj and are 
converted into amines, e.g., h'stidine gives histamine, phenyl- 
alanine gives phenyl ethyl amine, and so on : 

C,H,.CH,.CH(NHri.COOH ^ CeH,.CH,.CH,.NH,-eCO, 

E.<;ters of amino ac'ds are prepared by heating them 
with alcohol and passing dry HCl gas through the solution. 
The importance of the esters lies in the fact that they can be 
ri’stilled under reduced pressure, and fractional distillation 
of these esters nas been used for the separation of the indi- 
vidual amino acids from mixtures. 

Nitrous acid reacts on amino acids forming hydroxy acids 
with liberation of nitrogen, the actual amount of nitrogen 
evolved being double that contained in the amino acid: e.g., 

l^.CH(NHJ.CO(3H + HNO, = R.CH(0H).C00H+H,0+N, 

This reaction has been utilized for the estipiation of the 
am‘no nit ogen in the products of protein hydrolysis 
(Van Slyke's Method). 

The NH2 ^roup of an amino acid condenses with 
formaldehyde forming a metnylene derivative. This destroys 
the Das'c property ot the NHj group but does not interfere 
with the acid reaction of the COOH group. ^ This reaction 
has been empioj^ed for the quantitative estimation of the 
amount of amino acid nitrogen present, titration of the 
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COOH groups being carried out by a standard alkali using 
phenolphthalein as an indicator (Sorensen's Method), 
R.CH(NHJ).COOHH-H.CHO = R.CH(N : CH3).COOH-f H,0 

Classification of the Amino Acids 

Class A, Monoamino Monocarboxylic Acids 

1. Glycine or Ammo acetic acid. 

CH,(NH3).C00H 

2. Alanine o: a-Amino propionic acid, 

CH,.CH(NHj.COOH 

3. Valine or a-Amino isovaleric acid. 

(CH.), : CH.CH{NH,).COOH 

4. Leucine or a-Amino isocaproic acid, 

(CHJ, : CH.CH,.CH(NH,) COOH 

5. Norleucine or a-Aminocaproic acid, 

CII,.(CH,),.CH(NH,).COOH 

6. Isoleucine or p-Methyl-P-cthyl-a-amino propionic acid, 

C3H,.CH(CH,),CH(NHJ.C00H 

7. Phenyl alanine or p-Phenyl-a-amino propionic acid, 

C.H, .CH, .CH (NHJ .COOH 

8. Tyrosine or p-Parahydroxyphenyl-a-amino propionic 

add, 


HO.C,H,.CH,.CH(NH,).COOH 

9. Threonine or a-Amino-p-hydroxy butync add. 

Cl I„CH (OH) .CH(NH,) .COOH 

10. Serine or p-Hydroxy-a-amino propionic acid, 

HO.CH,.CH(NH,).COOH 

11. Thyroxine or Tetra-iodo derivative of p-hydroxyphenyl 
ether of tyrosine, 




^CI--CH^ 


\, 


CI-CH 




^ ^C— CH,.CHfNH.)jCO(Jf1 


CI»CH' 
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12. lodogorgoic add or J>i-iodo derivative of tyrosine, 


HO— C 


\ci^ch/ 


G— CH, .CH (NH,) .COOH 


13. Methionine or 7-Methyl th‘ol-ct-amino butyric acid, 

CH3.S.CH,.CH,.CH(NH,).C00H 

14. Cysteine or p-Thiol-a-amino propionic acid, 

HS.CH,.CH(NHJ.COOH 

15. Cystine, Dicysteine or Di- (^-thiol-a-amino propionic 
acid), 

HOOC.CH(NHJ.CH,.S.S.CH,CH(NH,).COOH 

Class B. Monoamino Dicarbox\xic Acids 

1. Aspartic* acid or Amino succinic acid, 

HOOC.CH,.CH(NH,).COOH 

2. Glutamic acid or a- Amino glutaric acid, 

HOOC.CH,.CH,.CH(NH,).COOH 

3. ^-Hydroxy glutamic acid, 

HOOC.CH,.CH(OH).CH(NH,).COOH 

Class C. Diamino Monocarboxylic Acids 

T. Lysine or a-, 2 -Diamino caproic acid, 

H,N CH,.(CH,),.CH(NHJ.COOH 

2. Arginine or a-Amino-( 5 -guanido valeric acid, 

H,N.C(:NH).NH,CH,.CH,CH,CH (NHJ.COOH 

Class D. Heterocyclic Amino Acids 

I. Proline or ^-Pyrrolidine carboxylic acid, 

CH,— €H, 

I I 

CH, CH.COOH 

\/ 

NH 



364 ORGANIC AND TOXICOLOGICAI. CHEMISTRY 


a. Hydroxy proUne or ^'-Hydroxy-a-pyrrolidine carboxylic 
acid, 


HO.CH-CH, 

I I 

CH, CH.COOH 

\/ 

NH 

3. Tryptophane or p-Indole-a-amino-propionic acid, 

CH 

CH C— C— CH,CH(NH,;.COOH 

iHil Ih 

CH NH 

4. Histidine or p-Iminazoie-a-amino propionic acid, 

CH 

NH N 

I I 

HC=C— CH,,CH(NH,).CC>OH 

It may be remarked here that in Class A the amino acids, 
which contain oniy one NH, group and one COOH group, 
are neutral in reaction, in Class B the amino ac ds, which 
contain one NHj and two COOH groups, are acidic and in 
Class C the amino acids, which contain two NHj groups and 
only one COOH group, are bas e in reaction. 

The following ten amino ac'ds, arranged alphabetically, 
are "stated to be nutritionally essential amino acids indispen- 
sable for the growth and health of a growing animal or 
human being. They are not synthesized in the body and 
must therefore be supplied in the diet; 


1. Arginine 

2. Histidine 

3. Isoleucine 

4. Leucine 

5. Lysine 


6. Methionine- 

7. Phenyl alanine 

8. Threonine 

9. Tryptophane 

10. Valine 
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INDIVIDUAL AMINO ACIDS 

Glycine, Glycocoll, Amino acetic acid, CH2(NH2),COOH 

Occurrence. — It occurs in nature as a constituent of 
many pneteins, gelatin and silk fibroin being specially rich 
in this compound. 

Synthesis and Preparation 

It may be obtained synthetically by the action of 
ammonia on monochioracetic ac d : 

C1.CH,.C00H4-NH, = H,N.CH,.CGOH-fHCL 

It is usually prepared by hydrolyzing gelahn "^dth hot 
concentrated HCI. The hydrolytic p oduct is concentrated 
in vacuo, dissolved in absolute alcohol and converted into 
ethyl esters by passing dry HCI gas. On cooling, the glycine 
ester hydrochloride ciy^stallizes out. The ester obtained from 
it is dried and distilled in vacuo. The amino acid obtained 
from the pure ester is recrystallized from water. 

Properties and Reactions. — Glycine crystallizes from 
water in flattened colourless prisms. It becomes brown at 
about 223 ° and melts at 232°-236°. It is insoluble in > 
absolute alcohol and ether and is optically inactive. It is 
easily soluble in water and possesses a sweetish taste, whence 
the name glycocoll (g/yews—sweet, kolla — glue). It is 
amphoteric in react'on. As an acid it forms salts with bases, 
the copper, salt, Cu(CH2.NH2.C00)2.H20, being especially 
characteristic, crystallizing in dark blue needles. As a base 
it forms salts with acids, CH2(NH2.HC1).C00H and these 
salts are generally crystalline and soluble in water. Glycine 
when acted on by nitrous acid yields glycollic or hydroxy 
acetic acid and nitrogen is evolved: 

CH,(NHJ.CQ0H4-HN0, = CH.OH C00H+N,+H,0. 

With absolute alcohol in the presence of dry HCI it forms 
the ethyl ester HoN.CH^.COOC^H^, wh’ch is an oily Liquid 
with a peculiar smell and is soluble in ether and alcohol. 

Hippuric Acid, Benzoyl glycine, C^Hi^.CO.NH. 
CHj.COOH. This derivative of glycine occurs • normally in 
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the urine of herbivora and is also excreted in the hunun 
urine if benzoic acid is taken by the mouth. The excretion 
of bippuric acid after the oral administration of sodiupfi 
bonzoate is used as a liver function test. Hippuric acid 
-can be prepared by treating glycine in aqueous sol^jtion with 
sodium bicarbonate and benzoyl chloride: 

C,H,.COCl-fH,N.CH,.COOH C,H,.CO.NHXH,COOiI-f HCL 

It is a colourless crystalline substance, m.p. i87’5‘^. It is 
scarcely soluble in cold water but readJy so in hot water, 
an alcohol and in ethyl acetate. 

Leucine, a-Anfino isocaproic acid, 
(CHJ,;CH.aL,CH(KH,).(:oOH 

This amino acid can be prepared by hydrolyzing casein 
with dilute sulphuric acid. It is one of the essential amino 
acids and is found in fair amounts in lactalbumin, in the 
globln of haemoglobin, etc. 

Leucine crj^stallizes in plates w'hich are white and 
glistening, m.p. 295°-2Q7'". It is slightly soluble in cold 
water and to some extent in hot dilute alcohol. In watery 
solution it is hevorotatory ; in HCI solution it is dextro- 
rotatoiy. 

Tyrosine. p-Hydroxy phenyl alanine, 


OH 



CH,.CH(KH,) COOH. 


Occurrence and Preparation. — This occurs in most 
:animal proteins and may form over lo per cent of the pro- 
ducts of hydrolysis. The best source is silk and caselnogen. 
In the free state it may be present in very small amounts in 
all tissues. It can be prepared by hydrolyzing caseinogen 
with 30 per cent sulphuric acid. The sulphuric acid is re- 
moved by barium hydroxide and the filtrate is concentrated, 
when the tyro^e separates out. It is purified by recrys- 
tallization from hot water. 

Properties and Reactions . — It crystallizes from water in 
'bunches of colourless needles, which melt at 314^-318®. It 
is only slightly soluble in cold water but more so in hot 



THE AMINO ACIDS 


367 

water. It is insoluble in absolute alcohol, acetone or ether. 
It is laevo'.otatoiy in aqueous solution, either acid or alkaline. 
When heated with Milion’s reagent it gives a red colour. 
When heated with nitric acid it gives a yellow colour which 
turns to orange on making alkaline with ammonia. On 
heating tyrosine in vacuo or as a result of putrefactive 
decomposition tyr amine, a st.ongly physiologically active 
amine occurring in ergot, is formed and CO, is evolved: 

HO.C.H..CH,.CH(NHd.COOH = CO,+HO.C,H,.CH,.CHj.NH,. 

Both leucine (as rounded discs) and tyrosine (as needle 
shaped crystals) are found in the urine in acute yellow 
atrophy of the liver {Icterus gravis). 

Derivatives of Tyrosine 


OH 


(1) Homogentisic Acid, Dihydroxy phenyl acetic 

cicid: It appears in the urine in the condition known as 
alkaptonuria ; the urine darkens on the 
surface on standing and this is the 

characteristic feature of alkaptonuric 

I urine. As homogentisic acid reduces 

Fehling’s solution, it may be mistaken 

OH ^0^ glucose. 


CHj.COOhl 


(2) Thyroxine, CuH^O^NI^ 

This is the active principle of the thyroid gland isolated 
by Kendall in .1914. Harrington and Barger {1923) have 
proved by synthes’s that thyroxine is a tetra-iodo derivative 
of p-hydroxy phenyl ether of tyrosine having the structure. 


HO— C 


\ci=:rCH/ 


C— O— C 


\'cr=:CH^ 


C.CH,.CH(NHJ).COOH 


The content of thyroxine in fresh thyroid glands is about 
0*03 per cent and thyroxine is stated to increase the 
oxidative precedes in the body especially for the oxidation 
of fats and proteins. 
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(3) Adrenaline ($ee p. 248). 

XryptophanOi pTOpionic acid. 

It is a constituent of 
most proteins. It is pre- 
pared most conveniently 
from casein. It crystal- 
lizcs from dilute alcohol 
in colourless plates, 
\vhich are moderatelj^ 
soluble in cold water but 
more easily :n hot water. 

It is insoluble in absolute alcohol and ether. On heating it 
turns brown at 240 and melts at 252® ; when heated furtner 
it decomposes and fo:ras indole and skato^e. It is laevoro- 
tatory in aqueous solution but dextrorotatory in add or 
a.kaline solutions. 


CH 

HC C — C.CH,.CHrNHd.COOH 

I li II 

HC C CH 

\/\/ 

CH NH 


Tests, (i) If bromine water is added drop by drop to an aqueous 
solution of tryptophane made slightly acid with acetic acid a reddish 
violet colour is obtained ; when shaken with aanyl alcohol, it dis- 
solves out the colouring matter ; ( 2 ) If seme concentrated sulphuric 
acid containing a little ferric sulphate is allowed to run down the 
side of an aqueous solution of tryptophane containing a little 
formaldehyde, a bluish violet colour is formed at the junction. 


Hittidine, ^-Iminozole-a^amino propionic acid, CjH,OjN. 


HN 


/CH 

\CH 


C.CH,,CH(NH,).COOH 

N 


This amino acid contains the heterocyclic iminazole 

nucleus. It is a const tuent of many proteins, and can be 

conveniently prepared from defibrinated blood or red blood 
corpuscles. It crystallizes from aqueous alcohol in colour- 
less platelets, melting with decomposition at 253*, 

D~ — 3974 ‘’- When heated in vacuo or when subjected 
to putrefactive decomposHion it forms the aefve amine 
histamine (see p. 248), When heated with bromine water, 
a win^ red colour is gradually developed {Knapp's Reaction). 



CHAPTER XXX 

THE PROTEINS 

Composition of Proteins 

The proteins are the essential constituents of aJl living 
cells and from the chemical standpoint they may be said to 
be composed of amino acid units or their derivatives con- 
densed together. The word is derived from Gk. protos — 
first, as it was believed to be the first and most important 
component of living things. They all contain, carbon, hydro- 
gen, oxygen and nitrogen. Many of them contain sulphur 
and some contain phosphorus in addition. Iron is an essen- 
tial constituent of haemoglobin, the protein pigment of blood. 

The proteins thus d'ffe^ from the fats and carbohydrates 
in their containing nitrogen as an essential element and 
in fact proteins are differentiated from the other foods by 
grouping them as nitrogenous foods. 

The percentage composition of a protein varies a great 
deal and the following figures may be taken as a rough 
average : 

Carbon, 51 to 55; hydrogen, 6 to 7; oxygen, 21 to 23; 
nitrogen, 15 to 17; sulphur, 0.3 to 2.5; phosphorus, o.i 
to i.o. 

General Characters of the Proteins 

The proteins are usually tasteless, odourless and colour- 
less substances. When dry they are amorphous but some, 
such as egg albumin, have been prepared in the crystalline 
state. Many of them are soluble in water or in dilute salt 
solutions or in ver}^ dilute acids or alkalies. Their aqueous 
solutions show colloidal properties owing to their possessing 
very high molecular weights. The molecular weight of 
haemoglobin, C758Hj203O2i8^i95^^S3» been estimated to 
be about 16,000 and many proteins show molecular weights 
varying from 16,000 to 60,000 while the protein globulin 

24 
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obtained from thyroid gland has been proved to possess a 
molecular weight as high as 650,000, and even higher 
figures have been obtained in some other proteins. The pro- 
teins are all optically active. Owing to the presence of some 
free amino and free carboxyl groups they are amphoteric in 
nature, combining either with bases or acids according to 
the pH of the solution. On hydrolysis with dilute acids or 
alkalies or by some proteolytic enzymes they are ultimately 
broken down into the component amino acids. 

Structure of Proteins 

It has been mentioned above that the proteins are com- 
posed of amino acid units condensed together. The amino 
group of an amino acid condenses with the carboxyl group of 
another amino acid in the following manner: 

H,N.CH, COOH -f fLN.CH. COOH - 

H.N.CHj. CO. NH.CH 3 .COOH -f H,0 

This linking of a COOH group with an NHo group forming 
the grou{>-^O.NH — (similar to the formation of an acid 
amide) is known as a ^peptide linkage/ When two amino 
acids, which may be similar or dissimilar, combine together 
we get a dipeptide, wben three amino acids combine together 
we get a tripeptide, and so on. A large number of di- tri-, 
and higher polypeptides have been synthesized in the labora- 
tory and their properties have been found to be similar to 
the polypeptides obtained from natural prbteins. It should 
not, however, be assumed that this amide type of linking is 
the only one possible, and complicated cyclic types of linking 
such as a substituted diketopiperazine, are also believed to 
exist: 

,NH~-CH, . . 

2CH^NH,)C00H ^ Co{ yCO -f 2ILO 

XCH^ — NH/ 

General Reactions of Proteins 

( 1 ) Colour Reactions 

(a) Millon's Reagent.— On adding Millon's reagent to 
a solution of a protein, a white precipitate is formed, which 
on heating turns pink to brick-red. The colour reaction is 
due to the presence of the hydroxyphenyl gtpup (found in 
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the amino acid tyrosine) in the protein molecule. The 
reagent consists of 30 c.c. of mercury dissolved in 570 c.c. 
concentrated nitric acid and then diluted with two volumes 
of water. 

(b) Xanthoproteic Reaction. — On heating a solution of 
a protein with concentrated nitric acid a yellow colour is 
produced, which changes to orange on the addition of strong 
ammonia or caustic soda solution. The reaction is due to 
the presence of the phenyl group in the protein molecule 
which forms a nitro compound, lire amino acids possessing 
this group are tyrosine, phenyl alanine and tryptophane 
which are the components of common proteins. 

(c) Glyoxylic Acid reaction (or Hopkins — Cole 
reaction). — On the addition of a solution of glyoxylic acid to 
the protein solution followed by the addition of a bottom 
layer of cone, sulphuric acid by means of a pipette, a reddish 
violet ring is formed at the juncton of the two liquids. This 
reaction is due to the presence of tryptophane and is not 
given by gelatin which does not contain this amino acid. 
Glyoxylic acid reagent is prepared by reducing a saturated 
solution of oxalic acid with powdered metallic magnesium. 
The solution is kept cool, filtered from the magnesium 
oxalate, acidified with acetic acid and then dhuted with 
water. Glyoxylic acid is also known as glyoxalic acid. 

(d) Biuret Test. — If a little of a 5 per cent solution of 
NaOH is added to a protein solution and then one or two 
drops of a dilute copper sulphate solution (i per cent), a 
violet colour appears. If the solution of the protein is 
hydrolyzed, the colour may be pink due to the presence of 
proteoses or peptones. This reaction is given by all 
substances containing two — CO.NH — groups, either 
attached to one another or to the same carbon atom or to 
the same nitrogen atom {cf. urea), 

i{2) Coagulation Reactions 

(a) Heat. — If a solution of a protein is faintly acidulated 
with a few drops of acetic acid and heated, a flocculent 
irreversible precipitate of the protein is obtained. This is 
an important te&t for albumin in the urine. The presence 
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of strong acids or alkalies retards coagulation and the 
presence of excess of neutral salts hastens it. 

(6) Nitric Acid . — If strong nitric acid is added carefully 
by means of a pipette to a protein solution so as to form a 
layer, a white ring of coagulum ^viIl form at the junct'on 
of the two solutions. This is. also a common test for detecting 
proteins in the urine and is known as Heller s Test. 

(3) Precipitation Reactions 

(a) Concentrated Neutral Saks . — All proteins, except 
peptonesr are precipitated from their solution by saturation 
with ammonium sulphate crystals. Magnesium su phate, 
sodium sulphate, and sodium chloride are also employed for 
this purpose (see albumins and globulins). This is a 
reversible precipitate, which after having been filtered off 
may be dissolved again in its original form. For example, 
a solution of globulin in NaCl if dialyzed is precipitated and 
redissolves if NaCl is again added to it. 

(b) Salts of Heavy Metals . — Copper sulphate, lead 
acetate, mercuric chloride, etc., form precipitates with 
proteins, 

(c) Alkaloidal Reagents. — Reagents, such as phos- 
photungstic acid, trichloracetic acid, picric acid, sulpho- 
sah'cylic acid, potassium mercuric iodide (Mayer's reagent), 
tannic acid, etc., form precipitates with proteins in an acid 
solution. 

Estimation of Proteins in Urine, — It is often 
essential for clinical purposes to form some estimate of the 
amount of protein, say albumin, in the urine. This is easily 
done in the simple apparatus known as Aufrechfs albumino- 
meter which is a modi fica ton of the old fashioned Esbach's 
albuminometer. It is a centrifuge tube graduated to show 
the percentage of albumin and there are marks to show the 
level of urine and reagent to be taken. The reagent is the 
same as Esbach's reagent which is a 15 per cent solut^n 
of picric add with 30 per cent citric acid. After addmg 
the reaigent the tube is centrifuged at 3000 revolutions per 
minute for 2 \ minutes and the percentage of albumin found 
is read directly. The Esbach's method of estimation requires 
24 hours. 
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Classification of Proteins 


1. 

2 . 

3 - 

4 - 

5 - 
6 . 

7 - 

8. 


Protamines 

Histones 

Albumins 

Globulins 

Glutelins 

Gliadins or Prolamins 

Scleroproteins 

Phosphoproteins 


9. Conjugated Proteins 

(a) Nucleoproteins 

(b) Mucoproteins 

(c) Chromoproteins 

10. Derivatives of Proteins 

(a) Metaproteins 

(b) Proteose's 

(c) Peptones 

(d) Polypeptides 

!• Protamines, e.g,, salmine, clupeine, etc. These are 
the simplest proteins Imown to occur in nature. They 
contain a high percentage of nitrogen (25-30) but no sulphur 
or phosphorus. They are all found in the sperm of fehes 
such as salmon, herring, etc. They are easily soluble in 
water and their solutions are strongly alkaline. They are 
also soluble in dilute ammonia and give a pink biuret reaction 
(cf, peptones) ; they are not coagulated on heating. On 
hydrolysis, they yield a very large proportion of diamino 
acids. 


II. Histones, e.g,, thymus histone, globdn (from 
haemoglobin), &c. They are soluble in water and the solutions 
are alkaline. The basicity is intermediate between prota- 
mines and albumins and they yield a larger proportion of 
diamino acids than albumins. They are not soluble in dilute 
ammonia and are precipitated from aqueous solutions by 
caustic alkalies or by ammonia. They are not coagulated 
by heat except in the presence of a salt. 

III. Albumins, e.g., egg-albumin, serum-albumin, 
lactalbumin, etc. They are soluble in pure water and in 
dilute salt solutions and are coagulable by heat. Their 
solutions are almost neutral in reaction. They are precipi- 
tated from their solutions by complete saturation with 
animonium sulphate or zinc sulphate but afe not precipitated 
by saturating their neutral solutions with sodium fhloride 
or magnesium sulphate. They respond to ThymohTest for 
carbohydrates (see p. 195). They contain a high percent- 
age of sulphur. They are laevorotatory, e.g,, egg albumin 
£a]D = — ^35°, serum albumin [a]D= — 56°. 
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IV. Globulins, e.g., ovo-globulin (from egg yolk)^ 
senim-globulin, etc. These are insoluble in pure water^ but 
soluble in dilute solutions of neutral salts (such as NaCl) 
and in alkaline carbonates and are coagulated by heat. They 
ane precipitated from their solutions by half-saturation with 
ammonium sulphate and also by complete saturation with 
sodium chloride or magnesium sulphate and from weak 
alkaline solution by CO^, 

V. Glutelins, e.g., glutenin (from wheat). These 
proteins have been found only in plants. They are insoluble 
in' neutral water but aoe readily soluble in very dilute acids 
or alkalies. 

VI. Gliadins (Prolamins), e.g,, ghadin (from wheat), 
zein (from maize), hordein (from barley). They are called 
prolamins as they contain a relatively large proportion of 
the amino acid proline. They are insoluble in water, absolute 
alcohol and other neutral solvents but are soluble in 70 per 
cent alcohol. They occur only in plants. 

VII. Scleroproteins, keratin (from horn, 

feather, hair, nails, etc.), elastin (ligaments), collagen 
(cartilage and bone), etc. They are found only in animal 
tissues and are often referred to as albuminoids. They are 
insoluble in all neutral solvents and res'st the action of 
piX)teol}dic enzymes. Keratins are soluble in alkalies but 
insoluble in dilute ac'ds. 

N.B. Gelatin is obtained by boiling bones with water 
when collagen, the protem present, undergoes hydrolytic 
changes and yields the soluble product gelatin, which sets 
to a jelly on cooling and liquefies on warning. 

VIII. Phosphoprotcins, e.g., casein (from milk) and 
vitellin (from egg-yolk). These are compounds of a protein 
molecule with a phosphorus-containing compound other than 
nucleic acid or lecithin. It is probable that the phosphorus 
is in combination with one of the amino acids. They are 
distinctl;pacid in reaction and are insoluble in water, dilute 
acids and in half saturated solution of ammonium sulphate 
but are soluble in dilute alkali; this solution does not coagulate 
on heating. 
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IX. Conjugated Proteins. 

1. Nucleoproteins. — In this class the protein mole- 
cule is combined with a nucleic add. A nucleic aeid consists 
of a carbohydrate, phosphoric acid, two purine bases and 
two pyrimidine bases. Nucleoproteins are the main consti- 
tuents of cell nucleus and have been prepared from yeast 
and from animal tissues like thymus, pancreas, etc. They 
are insoluble in water but dissolve in diiute alkalies and in 
concentrated acids. They are acidic in character and are 
coagulated by heat. As uric acid is synthesized from nucleic 
acid in the body, foods rich in nucleoproteins such as liver, 
kidney, pancreas, fishroe, etc., are contraindicated in gouty 
subjects. 

2, Mucoproteins. — The protein molecule is combined 
with mucoitin sulphuric acid or chondroitin sulphuric acid. 
The latter consists of sulphuric acid, acetic acid, glycuronic 
acid, and glucosamine o: galactosamine. Mucins, pseudo- 
mucins and mucoids belong to the class of mucoproteins. The 
mucins are soluble in water and in alkaline carbonates and 
in ammonia, and are precipitated from these solutions by 
acetic acid. Mucin is present in saliva and in all secretions 
from mucous surfaces of the body. It is almost always 
present in the urine, and as it is readily hydrolyzed to 
glucosamine (see page 210), glycuronic acid, etc., urine 
containing excess of mucia slightiy reduces Fehling's solu- 
tion and piay thus be mistaken for a reducing sugar. In 
such cases, a previous separation of mucin by acefc'c acid and 
filtration removes the fallacy. Mucoids are found in bone, 
tendon, etc. 

3. Chromoproteins. — These are combinations of 
proteins with a colouring matter. The best example is 
haemoglobin found in the blood of ail vertebrates and of some 
invertebrates. Haemoglobin consists of the histone globin, 
and the iron-containing colouring matter hxmatin. 

X. Derivatives of Proteins 

When the complex molecule of a protein is submitted 
to the action of hydrolytic agents such as enzjmes, mineral 
acids, or caustic alkalies, a gradual disintegration of the 



376 


ORGANIC AND TOXICOLOGICAL CHEMISTRY 


molecule takes place. The different stages of hydrolysis are 
as follows: metaproteins, proteoses, peptones, polypeptides, 
and amino acids. 

1. Metaproteins. — This partially hydrolyzed product 
still retains most of the characteristics of the protein. 
According as an acid or alkali is used as the hydrolyzing 
agent, the product is referred to as an acid^v alkali- 
melaproiein. For instance, an acid metaprotein can be pre- 
pared from egg-white (30 c.c.) by treating this with glacial 
acetic acid (10 c.c.) and allowing to stand for 24 hours. The 
jelly formed is diluted with water and the solution of the 
metaprotein is filtered off from the unattacked protein. 

Metaproteins are coagulated by heat in neutral solution; 
they are insoluble in water but soluble in dilute acids or 
alkalies, and precipitated by neutralization; they are also 
precipitated by half-saturation w'ith ammonium sulphate or 
by complete saturation with magnesium sulphate. 

2. Proteoses. — At this stage of hydrolysis, the 

product is no longer coagulated by heat but it is still capable 
of being salted out by complete saturation of its solution by 
ammonium sulphate. They are readily soluble in water and 
diffuse through a dialyzer very slightly. They give a pink 
biuret reaction. Proteoses are precipitated by a saturated 
solution of picric acid in the cold; the precipitate redissolves 
on heating but it reappears on cooling. This test is used 
to differentiate between albumose (a proteose) and albumin 
in urine. "" 

The proteoses are divided into two classes: (i) primary 
proteoses which are completely precipitated by half-satura- 
tion with ammonium sulphate and (2) secondary proteoses, 
which are only salted out by complete saturation of their 
solutions with ammonium sulphate. 

A mixture of proteoses and peptones can be prepared 
by treating egg-white (i c.c.) with 04 per cent HCl 
(20 c.c.) and pepsin (001 g.) at 37 ** for several days. The 
proteoses can then be separated from the peptones by satu- 
ration with ammonium sulphate. 

In certain diseases of the blood and bone marrow and 
also in other conditions, a proteose commonly known as 



THE PROTEINS 


377 


"Bence-Jones Protein' appears in the urine and is precipi- 
tated rendering the urine turbid o even milky on standing. 

3- Peptones. — These are readily soluble in water and 
are not coagulated by heat nor are they salted out by com- 
plete saturation of their solution by ammonium sulphate. 
They also give a pink biuret reaction. They are precipitated 
by phospho tungstic acid, tannic acid and by lead acetate but 
not by other reagents which precipitate proteins. They 
diffuse through animal membranes readily. 

The 'peptones are largely used in making culture media 
for bacteriological work ; Witte s peptone, which is widely 
used for this purpose, is prepared by hydrolyzing fibrin with 
pepsin in presence of dilute HCl. 

4. Polypeptides. — It has been mentioned before that 
the polypeptides are combinations of amino acids through 
the peptide linkage— CO.NH — . Substances containing 18 
or 19 amino acids thus linked together have ^been synthesized 
in the laboratory, and the properties of these synthetic 
polypeptides resemble those obtained by the hydrolysis of 
proteins. They are solid and usually readily soluble in water 
and give the biuret reaction. The fact that nitrous acid does 
not yield much free nitrogen with polypeptides, shows that 
they do not contain many free amino groups of the amino 
acids. 

Glutathione. Glutamyl cysteinyl glycine, 
HOOC.CH(NHJ).CH,.CH,.CO.NH.CH(CH,SH).CO.NH.CH,.COOH 
This is a tripeptide discovered in yeast and in animal tissues 
especially in the liver and other glands. It is closely asso- 
ciated with the processes of oxidation and reduction going 
on in the tissues. It can be prepared from yeast and forms 
a crystalline substance easily soluble in water. 

Insulin 

This is a crystalline protein found in the pancreas and 
is concerned in the metabolism of sugar. It reduces blood 
sugar when injected subcutaneously and is widely used in 
the treatment of diabetes. Crystalline insulin contains atwut 
0‘5 per cent of zinc in its molecule. The molecular weight 
is believed to be about 35,100. It is fairly stable in acid 
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but not in alkaJine solution. The amino acids obtained by 
the hydrolysis of ciystalline insulin (White) are; leucine 
(30%). glutamic acid (30%), cystine (i2'5%), tyrosine 
(12%), histidine (8%), arginine (3%) and lysine (2%). 

Proteins in Nutrition 

The function of food proteins, is (i) to replace the daily loss 
of body proteins, (2) to provide material for the building of tissue 
proteins during growth and convalescence, (3O to provide material fot 
the formation of body enzymes and hormones ST^ch as pepsin, 
trv'psin, insulin, adrenaline, thyroxine, etc., and (4) to provide 
energy through the transformation to carbohydrates and other 
oxidizable substances. 

The minimum daily requirement of protein for nutrition is about 
O’ 7 gra. per kgm. of body weight but r gram per kilogram of body 
\veight is recommended, about half of which should he from animal 
source. A chronic deficiency of protein in the diet leads to a 
pathological condition known as “famine oedema’'. 

Digestibility Coefficient of Proteins 

Proteins taken as food are hydrolyzed to amino acids by proteo- 
lytic enzymes and are then dbsorbod in the blood stream, whereas the 
unhydrolyzed portion of the' protein is excreted in the faeces. Certain 
proteins such as those of milk or eggs are easily digested and 
hydrolyzed into amino acids, whereas other proteins such as those 
of the pulses are only partially hydrolyzed during the same period. 

The term digestibility coefficient of a protein is defined as the 
percentage of the ingested protein absorbed into the blood stream 
after proces.s of digestion is complete. Thus the digestibility 
coefficient of the proteins of rice, wdieat and skimmed milk powder 
are 07, 93 and 90 per cent respectively whereas those of lentil and 
gram are 88 and 86 per cent respectively. 

Biological Value of Proteins 

It has been found that proteins from different sources differ a 
good deal as regards the nature and relative proportions of the 
different amino acids pre.sent, some containing more of the nutri- 
tionally essenttal amino acids (see page 364) than others. Out 
of the amino acid.s absorbed into the blood stream after the process 
of digestion, the body takes up only those that arc required for its 
nutritional and physiological needs and the rest are discarded after 
deaminization. 

The term biological value of a protein is defined as the per- 
cenbige of the absorbed protein utilized in meeting the nitrogen 
requirements of the body. The biological value of a protein is high 
if the nature of the amino acids present is similar to those of the 
body proteins and if it contains all the essential amino adds. The 
biologicaJ values of the proteins of some of our common foodstuffs 
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are: milk 92, whole eggs 94, rice 80, wheat 68, mutton 71, rohit fish 
80, hilsa fish 72, mung dal 74, gram (chhola) 62, lentil (musur) 58, 
soya bean 64 and ground nut 57. 

The biological value of a protein is determined from the follow- 
ing formula after estimating [a) the food nitrogen intake, (h!) the 
total urinary nitrogen excreted, {c) the total faecal nitrogen excreted, 
(d) the endogenous urinary nitrogen, and (e) the endogenous faecaP 
nitrogen : 

body nitrogen saved 
Biological Value = 100 x food nitrogen absorbed 


a-^(c— e>— (l>-d) 
= 100 X a— (c— ej) 


For example, 

Daily Daily urinary 
nitrogen intake nitrogen 
gm. grn. 

Nitrogen-free diet nil i •499(d) 

Protein given S-7S5(a) 3'435(b) 


Daily f cecal 
nitrogen 
pm, 

0-946(6) 

3*25i(c) 


Biological 


value = 100 X 


3-785— ( 3-2 5i--o-94b)— (3-4 3 5— 1-499) 
3'735— (3-251— 0'94b) 


= 70 per cent. 



CHAPTER XXXI 

THE VITAMINS 

Clat«ificatioii| Occurrence^ Preparation, Synthesis^ 
Properties, Action, Assay 

Introduction 

Up till the beginning of the 20th Century, it was believed 
that the most essential constituents of our food were the 
carbohydrates , fats and proteins. From a careful study of 
the effect of different foodstuffs on animals, however, scientific 
workers gradually came to the conclusion that no animal 
could live upon a mixture of the above pure constituents, 
and that be^des some inorganic salts and water, certain 
other constituents were essential for life, and these were at 
first called the accessory food factors** / of diet. These 
accessory food factors are now known as 'vitamins* . 

A vitamin may, therefore, be defined as a specific organic 
compound which is essential for the normal growth and 
maintenance of life of an animal, and which does not belong 
to any of the great class of foodstuffs such as carbohydrates, 
fats, proteins, and minerals. 

The most significant fact about the vitamins is that only 
very small amounts of these are necessary compared to the 
large amounts of carbohydrates, fats and proteins required 
for our food. Thus for example, an ounce of vitamin D is 
probably enough to supply the daily requirements of one 
to two million people, whereas several ounces of carbo- 
hydrates, fats and proteins are necessary for each individual 
per day. And even with "vitamin C, of which the daily 
requirement is higher than that of any other vitamin, the 
daily dose for an adult is probably as low as 50 milligrams. 
This fact indicates that the vitamins act like catalysts pro- 
moting chemical processes in cell life and therefore function 
quite differently from the other classes of foodstuffs, which 
are either necessary for the supply of energy or for the 
building up or repair of our body material. 

Many of these vitamins which even in the near past 
were being prepared from natural sources at an enormous 
cost are now being increasingly produced synthetically at a 
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very low cost and has made mass feeding an economic 
possibility. 

Classification 

As the true chemical nature of the vitamins was 
unknown at the time of their discovery, they were first 
designated by alphabets, such as A, B, C, D, E, etc. They 
were also broadly divided into two main groups: (i) faU 
soluble vitamins, such as vitamin A, vitamin D, vitamin E, 
etc., and (2) water-soluble vitamins, such as vitamins B, 
vitamin C, etc. These nomenclatures' have still persisted 
although with the rapid advance of our scientific knowledge, 
the chemical constitutions of most of these have been eluci- 
dated and their proper scientific names substituted. The 
following table shows the classification and summarizes some 
of the broad facts about vitamins: 


Name of the 
vitamin 

Corresponding deficiency 
disease in human beings 

1 Scientific name of the 
i compounds having 
vitamin activity 

Fat-soluble 
Vitamin A 

Hemeralopia (night- 

Vitamin A, /?-Ioninol 

Provitamin A 

blindness), xerophthal- 
mia and keratomalacia,! 
leading to blindness, 
phrynoddrma (toad^ 

! skin) 

Same as Vitamin A 

a-, P-, and y-Carotenes, 
and Cryptoxanthin 

Vitamin Dj or calciferol, 

Vitamin D 

Rickets in children and 

Vitamin E 

osteomalacia in adults 

Sterility 

Vitamin D, or activat- 
ed 7-dehydrocholesterol, 
Vitamin or activated 

22-dihydroergosterol 

a-, and y-Tocophe- 

rols 

Vitamin or phyllo- 

Vitamin K 

Haemorrhage (hypopro- 

• 

thrombinemia) 

chinon, Vitamin 

Water-soluble 
Vitamin B 

Phthiocol 

Complex, in- 
cluding: 
Vitamin B, 

Beri-beri 

Aneurin, Thiamin 
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Name of the 

vitamin 

/Riboflavin 


Corresponding deficiency 
disease in human beings\ 


Cheilosis, angular sto- 
j matitis, scrotal derma-’ 
I titis, superficial kera- 
I titis ‘ 

Pellagra-pre- Pellagra j 

ventive vita-' j 

min I I 

Vitamin B, |Ro]e in human nutrition 
(rat-pellagra not fully ascertained I 
factor) I I 

Pantotbenic iRole in human nutrition; 
acid (chick- not known j 

I pellagra fac- | 

' tor) ' I 

Vitamin H jRole in human nutrition 
j not known definitely 
Vitamin C -Scurvy 

Vitamin P [Nutritional purpura J 


Scientific name of the 
compounds having 
vitamin activity 
Riboflavin 


Nicotinic acid, and 
Nicotinamide 

Pyridoxin, Adermin 

Pantothenic acid 

j 

Biotin 

Ascorbic acid, Cevitamic 
acid, Hcxuronic add. 


Vitamin A, fi-loninol. 

Occurrence , — It occurs only in the animal organism and 
in foods of animal origin. The International Unit (I.U.) 
of vitamin A is taken as the specific activity contained in 
0.6 Y or hg {y = micro gram, i.e., One millionth of one gram; 
1,000 A^g=i mgm.) of the standard preparation of pure 
carotene (roughly equivalent to 0.3 y of pure vitamin A). 
G>d liver oil (850 — 2,500 LU. per g.), halibut liver oil 
(ig,ooo — 36,000 per g.), and shark liver oil (4,000 — 15,000 
per g,) are the richest sources of this vitamin. Many other 
fish liver oils including those of mrigel, rohit, vetki, kaila, 
etc., are also known to contain fair amounits. Mammalian 
liver is a good source, and the vitamin occurs in. whole milk 
(160 — 225 LU. per 100 grams), butter (3,500—5,000 per 
100 g.), and egg (1,000 — 2,000 per 100 g.). Green leaves 
which contain the precursors; of vitamin A (see Provitamins) 
have a high vitamin A value although they do not contain 
vitamin A itself. 


Preparation . — It is found in the* unsaponifiable fraction 
of fish liver oils. Fish liver oil with a high vitamin potency 
is used as the starting material. The oil is distilled in very 
high vacuum (10-^ to 10 mm. Hg.) using a specif 
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apparatus known as the 'cyclic molecular still', the process 
being known as 'molecular d.stillat’on'. A vitamin A con- 
cenjtrate of high potency (1-2 million I.U. per gram) is 
thus isolated . The concentrate is crystallised by fractional 
freezing and filtration in the cold, ethyl formate or propylene 
glycol being used as solvent. The vitamin found in the 
concentrate can also be purified by conversion into an ester, 
e.g., vitamin A acetate, by treating with a solution of acetyl 
chloride in pyridine; the acetate is then extracted with 
petroleum ether. 

Synthesis . — The folio \\ang reactions have led to the 
synthesis of vitamin A: 

■R— COOC,H, + CH^.C.H^.NH.Mgl 

/?-Ionylidene ethyl acetate o-Toluidine magnesium iodide 
R--C0,NH.C,H,CH3 — R.CC1:N.C,H,.CH3 
o-ToIuidide Imide chloride 

— ^ R.CH:N.C,H,.CH 3 R.CHO 

Schiff's base )5-Ionylidene aldehyde 

R.CH : CH.C{CH ,) ; CH.CHO 

CH,.C(CHJ:CH.CH0 
/^-Methyl crotonaldehyde 
H, 

R.CH:CH.C(CH3):CH.CH,0H 

Vitamin A 

CH, CH, 

\/ 

c 


-where R= CH^ 


CH 3 C.CH, 

l\/ 

CH, 


C— CH:CH.C(CH,> 
II 

CH— 


Constitution, Physical & Chemical Properties . — ^Vitamin 
A or /?-Ioninol, C20H30O, has been shown to possess the 
following constitution: 

Ctl, CH, 

\/ 

c CH, CH, 

/\ I I 

H,C C— CH:CH,C:CH— CH:CH— C:CH.CH,OH 

I II 

H,C C.CH, 

\/ 

CH. 
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From methyl alcohol, it crystallizes in i^e yellow plates, 
m.p. 8% with the ^vent of crystallization. From ethyl 
formate or pnopylene^ glycol it forms crystals, m.p. 63°-64''. 
It distils in high vacuum (5x10-^ mm. Hg) at 120^-125“. 
In the ultra-violet region the vitamin shows an absorption 
batnd at 328 witn an extinction coefficient of E 
It is a primary alcohol and forms esters, and the acetate, 
m.p. 56^-58°, being the most stable of these, is utilized for 
its purification^ As a highly unsaturated compound, it is 
very susceptible to oxidation. On rapid aeration or exposure 
to sunlight or ultra-violet light it is rapidly destroyed, but 
it is fairly stable to high temperature in the absence of light 
or oxygen. 

Physiological Action and Requirement. — Vitamin A is 
necessary^ for the regeneration of the visual purple of the 
retina of the eye and its deficiency causes a loss of efficiency 
of adaptation of vision to a changed intensity of light. Thus 
vitamin A deficient persons find it difficult to see objects 
in dim light. Its deficiency also causes (i) xerophthalmia 
and keratomalacia which ultimately lead to blindness, (2) to 
phiynoderma, which is a type of dryness and hyperkeratosis 
of the skin, commonly known as ‘toad skin', and (3) to a 
high incidence of respiratory diseases. 

The vitamin A requirements for different ages are as 
follows: Adult man or woman 5,000 I.U., during pregnancy 
and lactation 6,000 — 8,000, children 1-12 years 1,500 — 4,500, 
hoys and girls 12-18 years 5,000 — 8,000. If the source is 
carotene, the intake should double the above values. 

Methods of Assay 

I. Biological 

Younj? g^owin/a: rats are given a diet containing all known 
essentials for growth except vitamin A until their reserves for this 
factenr are exhausted and they cease to grow. This takes about 4 
to 5 weeks. Different groups of these rats are then given the standard 
preparation of vitamin A and the sample to be tested at 
different levels of intake. After about 3 w'eeks, the average in- 
crease in the weights of the rats in the different groups are deter- 
mined and a comparison of these figures allows the calculation of 
the activity of the .sample in terms of the standard preparation. 

II. Chemical or Physical 

(i) Colorimetric Method, — The oil' or fat is saponified in the 
cold with N/2 alcoholic potash and the mixture is extracted with 
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ether which take? up the vitamin A. The lesidue from the ether 
IS taken for the assay. A 25 per cent sollifeon of pure antimony 
trichloride in chloroform is added to a solution of the vitamin- 
containing sample in chloroform. A blue colour develops which 
begins to fade after 30 seconds. The intensity of colour is im- 
mediately measured wdth a Lovibond tintometer. The results are 
expressed in blue units, one Carr-Price Blue Unit being approxi- 
mately equivalent to 55 I.U. 

(2) SpectrophotomeArtc Method . — The extinction coefficient of 
a solution of the unsaponifiable fraction of the material in pure 
cyclohexane is determined by a spectrophotometer. A one per cent 
solution of vitamin A gives, as stated before, an absorption band 
at 328 m/>t with an extinction coefficient of 1725. If, for eiample, 
the extinction coefficient is found to be i, the concentration of 

I 1000 X 1000 

vitamin A present in the sample wall be per cent or ^ 

1725 ^725 

micrograms per 100 g. of the material. 


Provitamins A 

Occurrence These precursors of vitamin A, which are 

converted into vitamin A in the body and can thus serve as 
the sources of vitamin A, occur in plant tissues and there 
are several compounds occurring in plants, all having the 
vitamin A activity. Of these, the most important are the 
a-, f)-, and y-carotenes and cryq^toxanthine, ^-carotene being 
the most potent (about twice as much as o- or y-carotene). 
The following figures under brackets represent I.U. per 
100 grams of substance: Green leafy vegetables, such as 
spinach [palang-sak] (5,600 — 6,500), mint (pudina) (3,300 
— 4,600), neem (4,600), safina-sak (11,300), amaranth or 
notey-sak {Anmranius gangeiicus) (500 — 11,000), dhane- 
sak (coriander leaves) (10,460 — 12,600), kalmi-sak {Ipo- 
moea reptans) (5,200 — 5,500), kumra^ak {Cucurbita 
maxima) (5,750 — 7,200), etc., are very good sources ; carrots 
(2,200—4,000), green peas (1,000 — 1,300), etc., are fair 
sources. Fodder grasses such as 'doob’ (lawn grass), Napier 
grass, wheat grass, etc., are good sources, and the leaves of 
the watex hyacinth have been recently shown to ibe rich in this 
vitamin (3,000 — 3,500). Red palm oil is stated to be one of 
the richest sources (40,000^50,000). Small quantities of 
the substance are also known to occur in milk, butter, eggs, 
corpus luteum, etc. 

25 
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Preparation , — dry material is extracted in a Soxhlet 
with petroleum (b,p. 40*^ — 6o°C). The chlorophyll 

and xanthophyll are^:emoved from the extract by adsorpt on 
With caxlurn diphosphate, and on evaporation of the solvent 
a mixture of the pjovitamins is left behind. The indivdual 
members of the mixture can be sepa aled from each other by 
following the ohrotnalo graphic adsorption techn que, using 
various adsorbents such as aluminium oxide, magnesiiim 
oxide, siakecijime, etc., from which they a:e again eluted and 
purfie^ further. 

Synthesis , — Not known. 

Constitution , Physical and Che^mcal Properties^ — The 
provitam’ns are unsalu ated hydrocarbons and are termed 
carotenoids. The structural formula of p-carotcne, which 
is used as the standard, is as fol.ovvs: 

CH, CH, 

\/ 

C CTb CH, 

/\ 

CH, C— CH ; CH.C ; CH.CH : CH C ; CH.CH - 

I 1! 

CH, C.CH, 

\/ 


\/ 

CH, CH. C ■ 

I /\ 

=CH.CH: C.CH: CH.CH: C.CH: CH— C CH, 

I 

CH,.C CH, 

\/ 

CH, 

Although one molecule of p-carotene can theoretcally 
give rise to two molecules of vitamin A by breaking down 
at the double bond marked with a dotted line, the animal 
organism is able to obtain oniy one molecule of vitamin A, 
due probaby to an unsymme^cal fissbn of the molecule. 
This fact is of great practical importance, since we require 
twice as much of P-carotene as of vitamin A. The a- and 
p<arotenes and cryptoxanthine have only half the potency of 
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p-carotene. (1-2 y of a- or y-carotene or of cryptoxanthine 
=0-6 Y of fj-carotene = o -3 Y of vitamin. A). 

The carotenes erystaliize in red prigms, soluble in 
o dirnrv fn' solvents but insolub e In wate". ‘They are easily 
destroyed by mraTon or exposu e to sunlight. Both P- and 
Y-carotenes are optical y inactive whereas a-Qarotene is opti- 
cally active. The melting points of a-, p-, and Y-caro*enes 
and of cryptoxanth ne are 187°, 184°, lyS" and- 169° 
respective y. p-carotene constitutes the majos, portion of 
the mixed carotenes prepared from various plant materials. 

Phyfuological Action . — Same as with vitamin A. 

Methods of Assay 

Biolof^ical, — Same as with vitamin A. 

Chemical or Physical 

(r) Colorimetric Method . — The material is finely ground with 
glass powder and then saponified at room temperature with alcoholic 
potash. The mature is extracted with petroleum ether (h.p- 
2\o° — 60°) and the ethereal extract is shaken up with 92 per cent 
methanol to remove xanthophylls. The provitamins remaiti in the 
petroleum ether and the colour is matched against a standard solu- 
tion of /S-ciirdtene cr against standard coloured solutions {e.g., 
azobenzene or potassium dichromate) with the help of a colorimeter. 
Or. the blue colour which develops with a solution of antimony tri- 
chloride in chloroform can be measured with a Lovibond tintometer. 

(2) Spccirophoiomeiric Method . — The total amount of carotenes 
can also be determined spectrophotometrically and expressed in 
terms ef / 3 -carotene, using the wave length 450 n\^ of ^-carotene, for 
which E'% =2500 in petroleum ether 

ICdl 

Vitamins D 

Occurrence. — Of the different forms of vitamin D the 
following three a e well-known: (i) vitamin Do or calci- 
ferol, (2) vitamin D3 or. activated 7 -dehydrocholester 61 , and 
(3) vitamin activated 22-dihydroergosterol. .Fish 

liver oils are the richest natural sources of vitamin Dgi 
blue fin tuna liver oil (40,000 I.U. per g.), cod liver oil 
(85 — 250 per g.), halibut liver oil (1,200 per ’g.), shark 
liver oil (too- — 150 pep g.)^ etc. Vitamin D3 occurs in 
nature in small quantities in a few foodstuffs like butter, 
eggs, mammalian liver, etc. : milk (‘Oi — 0 02 per g.), 
butter (0-4 — 1-5 per g.), mammalian liver '(0‘i5 — 
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<^’45 g*)> €gg yolk (045—5 P^r g-)- Irradiated 

eijgosterol foLms.tlje main source of vitamin D used in 
therapy. 

Preparation, — (i) Vitamin from fish liver oils , — It 
is isolated irom the unsaponifiable fraction of the oil. 
The fraction is ;distilled in high vaccum and the product is 
purified by estenfication with 3 : 5-dinitrobenzoyl chloride, 
purification of the dinitrobenzoate by recrystallization, and 
regeneration ‘of the vitamin from the ester by saponification. 

(2) Vitamin Z). irradiation of ErgosferoL — 

Ergosterol, an unsaturated sterol, prepared largely from yeast 
and to a smaller extent from Aspergillus niger, i^ dissolved 
in ether. It is exposed to ultra-violet rays of wave lengths 
between 275 and 300 m“, the solution Ix'ing passed conti- 
nuously through a special quartz irradiation chamber. This 
gives vitamin Da or calciferol. Prolonged irradiation pro- 
duces toxic substances. The conversion is from 40 to 60 per 
cent o^^thc total provitamin. 

(3) Vitamin by the irradiation of y^Dehydro- 
cholesUroL — It is dissolved in ether and exposed to ultra- 
violet rays of definite wave length (296.7 m'O- 

(4) Vitamin by the irradiation of 22-Dihydro. 

en^sterol . — It is dissolved in ether and exposed to ultra- 
violet rays of definite wave length. 

Synthesis . — Not known. 

Constitution, Physical and Chemical Properties. 



CH.Oi(cw.cn(a!i* 


(Calciferol) 
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(Hi C (jTHi 

OWahOli CH-.CH1 
/VI \ ' 

CHi C C 

I I II 

HOjCH c ch 

\ / 

CHj Oi 

'^lismfri 0.' 

(Irradiated 7-dehydrochoIesterOl) 


ObOfcCT^HmCHi.ab.CHlafc). CH(CHiM 

/ \]/ \ 


C\b C Oil ^ 
CHiOliCHj (!h — 

/\a \/ 

CHi C C 

^ i 

(fO.Cfl C CH 

\ / -^ / 

CHi CH 

Vitd/nn Qs 


( I rrad iated 2 2 -dihy droergosterol) 

The vitamins D are soluble in absolute alcohol, acetone, ether 
and other fat solvents. They are stable to heat and atmos- 
pheric oxygen when exposed for short periods. Calciferol 
(vitamin DJ is a white crystalline substance, m.p. 

[a] +82-6° (acetone) ; vitamin D3, m.p. 82-83% 

I«] D ^ +83‘3° (acetone) ; vitamin D^, m.p. I07°-^S8^. 
[a] =89-3'' (acetone). The}^ all show characteristic 

absorption spectra. The 3.5-dinitrobenzoates show charac- 
teristic melting points and specific rotations. 

Physiological Ac^tion and Requirement , — ^Vitamins D 
bring about the absorption and utilization of both calcium 
and phosphorus in the body. Its deficiency thus interferes 
with the normal calcification of bones causing rickets and 
osteomalacia. An adequate intake is also necessary for the 
normal development of the teeth. The International Unit 
(I.U.) of vitamin D is defined as the vitamin activity of 
0 025 y crystalline vitamin D2 (calciferol) dissolved 

in one milligram of olive dl. A layer of freshly laid down 
deposit of calcium phosphate is fprmed when rachitic rats 
are given the antirachitic treatment, and this can be histo- 
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log’cally examined aft^r proper staining; th's method is 
used in the bological assay of this vitamin. For infants, a 
daiiy dose of 200-1200 I, if., for rickety children 1500 — 5000 
I.U., and fo: adults 500 — 1000 I.U. are recommended. 

Methods of Assay 

Ihulogical 

(1) L\rte Test Method. — This is a curative method. Groups pf 
young rats are fed on a rachitic diet when the animals develop 
rickets. Three groups arc given varying quant. ties of the standard 
and another three gTou\^ of an mals are given approximately equal 
quantities of the unknown. The tibia or ulna is removed and clean- 
ed from adhering tissue. A longitudinal median section is made 
and the section is immersed in a 2 per cent aqueous solution of silver 
nitrate for one minute in the presence of li^bt. The newly formed 
calcified area is thereby blackened which is studied under a low 
power microscope. The results are compared with the standards. 

(2) Done Ash .Method. — This is one of the most accurate m.ethods 
for the assay of vitam n D. Groups of young rats are fed on a 
rachitogenic diet. Four groups are given varying quantities of the 
standard v.tamin D from the beginning of the experiment and 
another iour groups vary'ing quantit'es of the unknown. One group 
is kept as a control. After a period of days, the emur is removed, 
freed from adhering tissues and rom fat by extraction with alcohol 
and ether and the percentage of bone ash is determined. The. results 
obtained with the unknown are compared w'itJb the standard. 

(3) X'ray Method . — Young rats are fed on a rachitogen c diet 
and the degree of rickets determined by taking XTay photographs 
of the bones. The rats are divided into two groups, one group 
gc|^ng daily doses of the standard preparation and the otficr group 
rec<*iving the sample to l>e tested. The progress of the cure is followed 
by taking the X'ray pictures periodically and comparing the pictures 
of those gett.ng the standard and those getting the unknown. 

Chemical or Physical.— chemical method has been developed 
which is specific enough for the assay of this vitamin in biological 
materials. The colour reaction with antimony trichloride is, how- 
ever, useful in assessing the potency of pure vitamin D preparations. 

A saturated solution of antimony trichloride in chloroform is added 
to solu^on of the vitamin in chloroform and a yellow colour is 
developed with an absorption maximum at 500 m>4. The intensity of 
this (Rolour can l:>e determined spectroscopically. 

Vitamin E, Tocopherols (Gk. ^ofeos—childbTth, phero 
— to bear). 

This vitamin is also known as 'antisterility', 'reproduc- 
tion'. or Te til ty' vitamin. Three different compounds have 
been isolated having the physiological effects of vitamin E, 
and these a.e known ai a-, and y-tocophero.s. 
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Occurrence . — The tocophero’s occur predominantly in 
plant materials, and an'mal tissues .contain ony small 
amounts. The best natu al source is the oil extracted from 
the germs of certain seed gra'ns, such as wheat germ oil, 
rice ge'm oil, and cotton seed oil. Lethice, alfalfa, etc., 
contain considerable amounts, wh le fruits contain only small 
amounts. Fish I've: oiis, which are rich in vitamins A and 
D, a e poor in vitamin E. The relative proport ons of or, 
and y-tocopherols occurring in naturai materials vary 
with the source. 


Pret)aration . — It occurs in tlie ur.saponifiable fraction of 
oil, which is separated by a solvent such as ether from the saponi- 
fied !TGducf and piirifpd by ('iir.tillation in high vacuum. The 
fraction di'^tilHng I^eP.vecn aco*^—- 250° at O'l mm. contams the 
vitamin. The pioduct is converted into an ester, e-g-, aPophamate 
(ester of allophnnic acid. H.N.CO NH.COOH) which is purified by 
crystallization and the vitamin is regenerated from the ester. 


Synthes's 

CH, 

I 

c 


CH,.C C.OH + Br.CH,.CH:C(CHd.(CH.,),.CH(CH 3 ).(CHd.v 
y 1 Phytvl bromide 

HO.C C.H > CH(CHs).(CH2)3.CHj^pHdj 

ZnCT 

dl-a-TocopheroI 

CH, 

Trimcthyl hydroquinone 

Constitution, Physical and Chemical Properties. 

CH3 


CH, 


O 


CH 3 .C C C - (CH,)3-CH(CH,UCH,),.CH(CH3).(CH I 

JJ I I CH(CH,K 

HO.C C CH, 


C CH 3 
CH, 

a-TocopheroI 
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The formulje for p- and V’focopherols are similar. The 

and and y-tocaphenols are oily liquids which have not 
as yet been obtained crystalline. Certain esters, such ses the 
allophanates, 3 : 5-dinitrobenzoates, etc., are crystalline. The 
tocopherols show characteristic absorption bands in the ultra- 
violet with a maximum at 295 m/^. In the absence of oxygen 
they are fairly stable to heat. They are not affected by 
dilute acids but alkalies decompose them slowly. They are 
sensitive to oxidation which destroys their biological activity. 
They are insoluble in water but soluble in absolute alcohol 
and in all ordinary fat solvents. They are fairly stable to 
visible light but are rapidly destroyed by ultra-violet light. 

Physiological Action and Requirentient , — This \itamin 
is essential for normal development of the foetus, and its 
deficiency causes male rats to become permanently infertile 
and in female rats there is no reproducton, the embryos 
being resorbed. Similar results have been reported in 
COW’S and sheep and the administration of vitamin E pre- 
parations has t^en found to be beneficial in habitual abortion 
in women. 

Methods of Assay 

Biological . — This may be carried out by putting female rats on 
a vitamin-E-deficient diet and puttings otliers on the same diet but 
supplejnented by graded doses of the unknown. The px*rforinance 
of th^ latter is compared with that prcxiuced by giving the pure 
vitamin or wheat germ oil, the criterion Ixnng the proof of the 
occurrence of gestation and resorption of tlie foetuses 

Chemical or Physical . — The method is based on the reduction of 
ferric chloride by vitamin E in alcoholic solution, and the production 
of a characteristic red colour of ferrous dipvridyl on the addition of 
a ' a ^-dipyridyl. Vitamin E is extracted wnth petroleum ether and 
the oily residue is saponified with 2N methyl alcoholic potash for 
about 10 minutes. The unsapwmifiable fraction cx)ntainmg the vita- 
min is extracted witli {xrtroleum ether and the solvent removed. The 
residue is taken up in absolute alcohol and treated wdth ferric 
chloride and a solution of « • a'-dipyridyl. The red colour is com- 
pared in a colorimeter against the colour produced from the pure 
vitamin. 

Vitamin K, Phylloquinone 

It is also known as ‘coagulation vitamin,' 'prothrombin 
factor', or 'antihaemorrhagic vitamin'. The existence of two 
naturally occurring vitamins of high activity, viz,, vitamin Ki 
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and vitamin has been proved with certainty. It is of 
interest to note that 2-raethyI-i :4-naphthaquinone, a synthetic 
compound having the same ring structure as found in 
vitamins and K2, possesses 3'3 times the activity of 
vitamin Kj and about 5 times the activity of vitamin K.- 

Occurrence. — The best sources of vitamin are alfalfa, 
spinach, cabbage, kale, cauliflower and chestnut. It is also 
present in tomatoes, hempseed and soya beans. Fruits and 
cereals are very poor sources. Vitamin Ko occurs in most 
bacteria, and putrefied animal materials contain high amounts 
due to bacterial growth. Hog liver is a rich animal source 
•of vitamin K. 

Preparation. — The dry material (alfalfa on putrid 
sardine meal) is extracted with petroleum ether and the 
extract is freed from some impurities with the Help of 
adsorbing materials. The residual oil is distilled in high 
vacuum and the fraction distilling between 120° and 140° 
(at io~^ mm. Hg) is collected. The individual components 
are then separated by using the chromatographic adsorption 
technique. 

Synthesis : 

(1) 2-MeiJiyl-i ; .^.'naphthoquinone 

^ C,Jp.SO,H 

Napiitlialene Sulphonation Naphthalene'/i?-sulphonic acid 

Cj,H,.CN C,oH,COOH 

K,Fe(CN)^ /i-Naphthoic acid nitrile Hydrolysis 
— C\,H,.CHO 

,Ba-sa]t + Ba-formate Reduction 2-Methyl naphthalene 

2-Methyl-T ^-naphthoquinone 

t ).x:idation 

(2) Vhaniin K y . — 

I\Iono sodium salt ot 2-methyl-i : 4-naphthohydroqumone-f Phytyl 
Imomide Vitamin 

Constitution^ Physical a 7 id Chemical Properties. 

CH CO 

^\/V 

€H C C-CH.CH :C(CU3) (CHOj.CH(Cn,)(CHj3 CH(CH 3 ).(CHd 3 CH(CH,) , 

I y 11 

CH C O.CH3 

CH CO 

Vitamin (2-methyF3 phytyl-i : 4-naplithoqumone) 
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CH ro 

>^\/\ 

CH ( H 

I il i{ 

CH C C.Clh 

Cll CO 

a-Methyl-i : 4-naphthoquinoQe 

Vitamin K, is 2-methyl-3-difamesyl-i : 4. naphthoquinone. 
The vitamins K are soluble in most of the common o-ganic 
solvents such as ether, petro eum ether, acetone, hexane, etc., 
but is inso'ubie in water. They are stab e to heat but aoe 
very sensitive to alkali and to light. Vitamin K, is a yeV.ow 
oil wh ch freezes at — 20° ; vitamin is a yello^w crystal ine 
solid, m.p. 53-5°— 

Physiological Action and Requirement. — Vitam‘n K is 
necessary for the formation of an enzyme (prothrombin) 
wh ch p’ays a part in biood clott a?, and in a number of 
conditions when there is a haemor hag'c tendency, e.g., in 
obstructive jaund'ce, when v tamin K adm’nistration is 
valuable. It has, however, no effect in haemophilia and 
thrombopenia. Vitamin K was d scovered by Dam, after 
whom the unit knowm as the Dam Unit was named. One 
mlligram of vitamin K, — 1000 Thayer-Doisy Un'ts = 
10,000 Dam Units. One gram of dried a fa’fa hay contains 
about 300 Dam Un'ts, One Dam Unit per gram of body 
we'ght with ore gram of bile salts is the dose suggested 
per day to restore the prothrombin level to normal within 
1-2 day^. 

Methods of Assay 

Biolo^cal . — Different groups of chicks are fe<] with vitamin K 
deficient diet and the clotting time of their blood Ls determined 
occasionallv. They are then fed with the sample and the r^enera- 
tion of the normal clotting time i.s compared with those getting 
known quantities of vitamin K. 

Chemical of Physical 

The natural vitamin K give a purple-blue colour with sodium 
ethylate or sodium methylate. The Sensitiveness of this colour 
tion can be improved by preparing the 2 : 4-dinitrophenyl hydrazoncvS 
of the vitamins. An alcoholic solution of the vitamin, which Is a 
quinone, is treated with a solution of 2 : 4-dinitrophenyl hydrazine in 
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dilute HCl and gently wanned. The bluish green colour developed 
by the addition of sodium methylate or the green colour formed 
with ammonia and amyl alcohol is fairly stable and can be utilized' 
for the chemical assay of this vitamin. 

Vitamin Bi- Aneurin, Thiamin, Antiberiberi Vitamin 
Occurrence.- This .‘s widely d stributed both in p'ant 
and animal tssues. The following figures in brackets 
represent micrograms per lOO mms of substance: Whole 
grains, such as wheat (500—6^), unpolished rce (240 — 
300), or oats (345 — 770), maize (200 — 300), pearl millet 
or bazra (330 — 380), kaffir corn or jowar (270 — 490), 
baker's yeast (1000 — 3000), brew'er's yeast (5000 — 8000), 
food yeast {Torida utilis) (2200 — 4100), marmite (1250), 
dry peas (300 — 620), ehho'a da^, (300 — 450), mung dal' 
(400—800), masur dal (300 — 600), arhar dal (210 — 700), 
soya beans (300 — 900), almonds (120 — 330), ground nuts 
(740 — 900), sesame (til) seeds (1,000 — 1,100), cashew nuts 
(600—^0),. etc., form very good sources. Yeast, wheat 
germ, and rice polish ngs are three of the richest sources. 
Vegetables such as green peas (270 — 495), spinach (95 — 
155), tomatoes (70— 115), or fruits such as bananas (50 — 
100), orange (75 — 145), coconut (70 - 150) form fair 
sources, and animal tissues such as mutton (200 — 300), 
kidney (400 — 500), liver (300 — 420), and egg yo’k (350 — 
440) ar'e also fair sources. In an’mal tissues th^s vitam’n 
is present partly as an ester of phosphoric acid and partly 
in the free state. 

Preparation,— The (rice pohshings or yeas^) \s 

extracted with co d or hot water adjusted ^o pH of 4 * 5 - The 
vitamin is adsorbed from the aqueous extract by activated 
fuller's earth or by acfvated charcoal at pH 6*5. The 
vitamin is eluted from the acfvated charcoal with a dilute 
mineral acid or from the fuller’s earth with a dilute alkali. 
The vitamin :s finahy isolated as the hydrochloride by an 
elaborate procedu le involving fractional precipitation and 
crystallization. 450 pounds of rice polishings or .2000 
pounds of fresh yeast y eld only about one gram of the pure 
vitamin at a cost of about 1000 rupees. The synthetic com- 
pound costs only about a rupee per gram. 
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5y« t}}esi< 


CHO 


C,H 50 . 0 C.CH,.q*I,. 0 C,H,+H.C 00 C, H,->- C,H,>0,0C,CH.CH,.0C.H, 
• Ktbox? fthyl propionate Ktliylfotmata Ethylfornjylathoxy propionate 

N C.OH >- N = CCl 

CH,.C(:NI-0.NH, | | POCl, | 1 

Acetamidine CH,C C,CH,.OC,H. CH..C C.CH,,OC,H, 


!l 

N — CH 

2-Methyl-5-ethoxymethyl- 
-4-hydroxy pyrimidine 


N — CH 


Alcoholic I 
ammonia CH^.C 


N=: C.NH, 

I I HBr 

C.CH..OC,HL 


N — CH 

2-Methyl-j-ethoxymethyl* 
4-amino pyrimidine 


N 


CNHJIBr 

I 

C.CH^Br. 


CH,.C 

H II 

N — CH 
2-Methyl-5*bromo- 
methyl*4-ammo pyrimi- 
dine hydrobromide 


CM, 

/(' - r.cii, cir.OK 

I ' ' 

^CH— S 
.(-Methyl- 

5 /?-hy(lroxy- 
ethvl thia^ole 


N = 

I 

CH..C 


C.NH,,HBr 

I 


C— CM,— N 


CH, 


'C 


Br 


C— CM,.rH,OH 

I 

- s 


N __ CH 
Vitamip B, bromide hydroliromkie 


N - C.NIL.HC 

I I 

CLLC C— CH, 


CH, 

^c - c.ch,.ch,oh 


Agc:i ch,c c — ch, — n . 

— ^ II II ci\ch-~s 

N — CH 

Vitamin B, chloride hydrochloride 


ConstiMion, Physical and Chemical Properties . — The 
molecule of vitamin Bj contains a pyrimidine nucleus and a 
thiagble nucleus, and has the following structure : 



THE VITAMINS 


39r 


( 3 ') (40 

N = C.NHj.HCl Cl 

I I (50 I (4). 

CH3. -C(2') C-CH-(3) N-C.C#t, 

II I' il II 

(1') N — CH (2) CH C.CH.,CH,OH 

,\/ ( 5 ) ■ 

S(i) 

It is also known as 'thiamin hydrochloride' or 'aneurine 
chloride hydrochloride', and its structure forresponds to 
3-(4^-amino-2'-methyIpyrimidyl-5'-methyl)-4-inethyl-5 /?- hy. 
droxyethyl thiazolium chloride hydrochloride. 

The vitamin hydrochloride crystallizes fnom aqueous 
alcohol in colourless needles or plates, m.p, 248°-25o°; The 
crystals and pure solutions have a faint bran-like odour. It 
is soluble in water (ig. in I c.c.) and in 95 per cent alcohol 
(ig. in 100 c.c.) but is almost insoluble in ether, chloroform 
or benzene. It is optically inactive. It is quite stable in 
aqueous acid solutions. -In neutral medium it is slowly 
decomposed, the destruction being very rapid in alkaline 
solutions. In a solution of sodium sulphite, the molecule 
undergoes a cleavage into two portions. It is very sensitive 
to oxidizing agents. 

Physiological Action and Requirement . — Vitamin 
promotes growth and prevents beri-t^ri and polyneuritis. It 
also promotes the recovery of appetite and maintains the 
nomal motility of the digestive tract. The polyneuritis- 
with paralysis and heart failure which develops in birds in 
its deficiency is probably a functional disturbance due to the- 
accumulation of p}rruvic acid, an intermediate in the oxida- 
tion of carbohydrates, and thiamin catal37zes the transforma- 
tion of pyruvic acid and thus helps the carbohydrate 
metabolism. 

The International Unit of vitamin is 3 micrograms 
of the pure substance. The requirements for different ages 
are: children 1-12 years, 0-4 to i-2 milligrams; boys and 
girls 12-20 years, i'2 to 2*o mgm.; adults 12 to 2*3 mgm. 
(r nigm. = 333 I.U.). 

Methods of Assay 

Biological . — Young rats are fed upon a diet which con^ns alt 
the essentials for growth except vitamin The growth co^innes 
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for 2 or 3 weeks and tlien ceases. When the we ght is stationary, 
the rats arc divided into two p;TOui>s. One j:^roup receives the 
material to be ej^jinined and the other group gets a standard pre- 
paration of the vitamin. From the average increa.se in weight of 
the rats in each group, the activity of the material can be as- 
>certained. 

Chemical or Physical 

(1) Thiochromc Method . — Vitamin B, is extracted from the 

fintdy powdered or minced food material {2-5 g. of cereals, pulses or 
nuts, to g. of \'cgetables, fruits or animal ti-ssue^^) by mixing the 
material with 30 c.c. of acetate Ijuffer (Bh 3 i mmle bv mixing i part 
of N; 10 Na-acetate with 2 parts of N/10 aceti: acid) and digesting 
witli papa n (0 3 g., to liberate vitamin B, from its comb nation with 
protein?) and Taka-diastase (0-3 g,. to liberate vitamin B, from its 
( orr.f) nation with )\\'ro{>hos{)horic acid bv the plio.sphatase present 
in Takft-diastase) for^about 6 liours at 37 “C. [N.P. In the case of 

cereaN. the ii e papain and Taka-d'ast.ase may be orn tted and the 
material extracted with one per cent MCI, 30 c.c. for 3 g ). The 
extract ;s centrifugc<i and an aliquot j>art (1-2 c.c.) ol the clear 
centritugate is ? xid zed with potassium ferncyanide (0'2 c.c, of 2 per 
cent) in an alkaline medium (3 c.c. of N NaOH). 15 c.c. of isobutyl 
or i.soarny] alcohol are added and the mixture .shaken for one minute 
to extract the thirchrome formed A blank estim.ation is carr'ed out 
in the same manner witfiout only the addition of pota,s.?;um ferri- 
cyanide. 10 c.c. of each ci the alcoholic extracts are taken 'n two test 
tubes and clarified bv tfie addition rd c,no c.c. of rectificK:! spirit- 
{.Standard: to m crograms of pure vit mi n B, are oxidized to thio- 
chrorne in the alcove manner and extracted with 20 c.c. o i.sobutyl 
or isoamyl alcotiol; rne c.c. of the extract represents 0-5 micrograra 
of vitamin B,}. The two te.^t tubes containing the blank and the 
oxidized samples are exposed side by side to Ultra-viclet rays from a 
mercury vapour lamp filtered through a Wood's glas.s filter. The 
oxidized sample wall show a deeper fluorescence than the blank ii 
there is any vitamin B,. Small quantities of the standard thiochrome 
extract are gradually added from a microburette to the blank and 
both the tulies are expesed to U-Vh rays after each addTion till the 
intensity 0 i fluorescence is the same in both the tut>es. From the 
amount of ^indard solution required, one can easily calculate the 
<|uaDtity o' vitamin B, present in the material assayed. 

(2) Colorimetric Method. — Diazoti/.ed p-aminoacetophenone gives 
with vitamin Bj a red azo dye which can be extracted with an 
organic solvent such as xvlene. The colour can be matched against 
a standard using pure vitam n B,. The reaction Ls very sensitive 
nnd 5 micrograms of the vitamin can be easily estimated. 

Riboflavin, Lactoflavin, Vitamin G, Ovojlavin, Renofli^vin, 
Hepaio flavin, (originally. Vitamin B.) 

Occurrence,— This is widely d'stributed both in plant 
and animal t.ssues. The following figures in brackets repre- 
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sent micrograms per lOO grams of substance. Mammalian 
liver (1,800—4,700), kidney (1,700—2,200),^ milk (195— 
240), eggs (280—420), wheat germ (600 — 800), unpolished 
rice (115), w'hole wheat (100 — 220), pulses or dais (250 — 
330), spinach (250 — 400), no^ey sag (55), dhoney^sag 
(coriander) (98), lettuce (100 — 240), kalmi-sag (149), 
kumra-sag (158), onon (50), b:ewer's yeast (2,500 — 
4,700), baker's yeast (2.000 — 4,000), food yeast (5,500 — 
7,000), and marmite (8,920). 


Preparation . — The material is extracted with an aqueous acid 
solut’on or with a mixture of water and alcohol. The vitamin is 
adsorbed from the extract in acid solution with fuller's earth and 
eluted from the adsorbing material with the help of dilute alkali. 
The riboflavin is purified further by means of silver salts. 200 
pounds of dried egg-white (about 33,000 eggs) gave only 100 
milligrams of pure riboflavin. The synthetic product now costs 
about 5 rupees per gram. 


Synthesis 


CH 


CH 


CH..C C.NH. 

j| j d-Ribose 
CH^.L CH 

CH 

3 : 4-Xyiidene 
CH 


CH3.C C.N:CH.(CH.OH),.CH,.OH 

11 I 

II I Catalvtic reduction 

CH,.C CH 

CH 

3 : 4-Xylido-riboside 


CH,.C C.NH.CH,.(CH.OH 3 ,.CH,OH 

II I 

If 1 

CH,.C CH 

CH 

CH 


Benzene diazonJuBa chloride 
^ ^ 


/\ 

CH,.C C.NH.CH,.(CH.OH),.CH,OH 

II I 

II 

CH,.C C.N-.N.C.Hs 
CH 


Catalytic reduction 
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CH 

NM 


/\ 

CH,.C C.NH.€H,.{CH.OID,.CH,OH 

I 1 

+ CO CO 

1 1 — 

* 1 

CH,.C CNH. 

1 1 

CO NH 


\/ 

Cii . CO 

DixncthyJaminophenyl rihanvne Alloxan 

CH,.(CH.0H)3,CH,0H 


CM N N 



CH N CO 
d-Riboflavin 


CoKsiiiution , Physical and Chetnical Properties. 

CfL.CnOIl.CHOHXHOH.CHpn 


CH N N 

CH,.C C C CO 

■ I II 

CH,.C C C NH 

\<;^\^\/ 

CH N CO 

Riboflavin 

C : 7*DimethyI-9-fd-i'-ribityI)-isoalloxazinc 

Riboflavin ciystailizes in orange-yellow needles, ni.p, 
282"", and, is bitter to taste. It is slightly soluble in water 
(12 mgs&i in 100 c.c. at 27 5'’), slightly soluble in alcohol, 
and insoluble in the usual fat solvents. It is very soluble in 
alkalies. It is stable to heat in neutral or acid medium but 
is destroyed by alkali, slowly in the cold and more rapidly at 
elevated temperatures. It is decomposed by visible or ultra, 
violet light. Its aqueous solutions are greenish yellow in 
colour and show yellow gueen fluorescence in ultra-violet 
light, with a maximum at 565 mp. Oa reduction with 
sodium bisulphite or with stannous chloride, 4t loses its yellow 
colour and it can be reoxidized to the coloured form by 
oxygen or mild oxidizing agents. 
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Physiological Action and Requirement.— PSbo?i^wm 
takes part in the oxidation processes of the cell, and its 
phosphoric acid ester combined with a protein is probably 
identical with Warburg's 'yellow enzyme'. Its deficiency 
causes macerated areas in each angle of the mouth, cracking 
of the lips, sensitiveness of the eyes to light, scrotal derma- 
titis and superficial keratitis. It is essential for growth and 
for normal nutrition at all ages. 

The Bourquin-Sherman Unit of this vitamin, formerly 
known as \Ttamin G, is 2-5 micrograms of riboflavin, i.e., 
the amount that supports a growth rate of 3 g. a week in 
rats on a standardized diet. The daily requirement for 
human beings ranges from o-6 mgm. for a child of i year to 
3-0 mgm. for an adult. 

Methods of Assay 

BtolOf7iral . — (i) It may 1)6 assayed with the help of growing 
rats suljsisting on a riboflavin-deficient diet, supplemented by the 
pure vitamin for one group and by graded doses of the unknown for 
another group. 

{ 2 ) It is also assayed by studying the stimulating effect of 
this vitamin upon the growth of certain bacteria {e.g., iMctohacillus 
casei) in synthetic media, the growth being estimated either by the 
turbidity produced or by the lactic acid formed. 

CJicnncal or Physical. — The riboflavin is extracted from the 
biological material and purified to some extent by adsorption and 
elution, (i) The fluorescence of the riboflavin itself may be deter- 
mined and compared with that of pure riboflavin, or ( 2 ) tlie fluores- 
cence of tire lumiflavin formed by the irradiation of the riboflavin 
in alkaline medium is determined and compared with that obtained 
with pure riboflavin. 

Nicotinic Acid (Niacin) and Nicotinamide '(Niacin. 

amide), Pellagra-preventive Vitamin (P-P Factor). 

Occurence. — The acid and its amide occur in small 
amounts in plant and animal tissues. The following figures 
in brackets represent milligrams of nicotinic acid per 100 
grams of food material: whole barley (3-0 — 4*5), American 
barley (8 — 14), maize, dry (1-4 — 2-o), unpolished rice 
(2-8 — 4‘0), ra\^ milled rice (0-9 — 1*2), whole wheat 

(q-b — go), refilled wheat flour (0-8 — i-o), chhola dal 
(2-5—27), mung dal (i'7), musur dal (i'5)^ peas, dry 
26 
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(i‘3)» groundnut (134 — 148), til seeds (4*4), data^sag 
(Amaranth) (oq), cabbage (o-4), kalmi-sag (Ipomoea) 
(0'8), kumra leaves (0-9), carrot (0.4), potato (r2), 
sweet potato (o-8-~ 12), brinjal (08), lime juice (01), 
orange juice (0‘3), tomato (0-4), cow's miik (oi). 
buffalo milk (01), mutton (41 — 80), goat liver (i2‘5 — 
16*0), fish (o-b— jq), dried yeast (15—50), tea (6*1), 
coffee (i3’2), cocoa (16), 


Preparation. — Nicotinic acid and nicotinamide can be isolated 
from the material by extraction with water, adsorption from the 
extract with activateil charcoal and elution of the adsorbin^^ 
material with a mixture <>{ pyridine and alcohol. The residue from 
the extract 'is shaken out with chloroform, which dissolves out tin* 
amide, and after removal of the chloroform the product is distilletl 
fractionally under high vacuum. Nicotinamide distils at 150" — 160* 
at 5 X 10 — * mm. Hg. The distillate is cry'stalHzed from benzene*. 
The free acid wliich remains behind after extraction with chloro- 
form can be precipitated as a copiXT s^ilt from which it is regenerat- 
ed and purified. 


Svnthesis of Nicotinic .\cid and Nicotinamide 


CH, 


CH 

! 

CH C — CH 


-C!l 

I 

(11 


CH 

CH C COOH or 


II I 

CH CH 
N 

Nicotine 


Oxidation I C H^N.COOH 

N with fuming i: | 

Cfb nitric acid (TI ( H 

\^- 

N 

Nicotinic acid 
(yield al>out 60 jx*r cent) 

C,H,N COOC, H, C,H,N.CONfL 

Esterification Ethyl nicotinatc Alcoholic ammonia Nicotinamide 


(2) 


CH 

CH C.CH, 


CH CH 

\-/ 

N 

/CPicoline 


^ C,H,N.COOH 

Oxidation Nicotinic acid 

(yield about 60 per cent) 
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CH CH 


CH 


li 

CH 

N 

Pyridine 


CH 

CH C.Br 
II 


Cuprous 
CH cyanide 


C,H^.CN 
3 -Cy anopyridine 


CH 


Hydrolysis 
CH CH 


CH 


CH C CH 

N ' CH 
Quinoline 


Bromination 

CH 

N 

3 -B romopy rid ine 

C.H^N.COOH (yield about 40 per cent) 
Nicotinic acid 

CH 

cir c.cooH 
> , 

l( Decarboxy- 


Oxidation 


C,H,N.COOH 


CH C.COOH 
N 


lation 


Quinolinic acid 


Constitution, Physical and Chemical Properties 


CH 

CH C.COOH 
I I! 

CH C(I 
N _ 

Nicotinic acid 

(Pyridine-p-carboxylic acid) 


CH 

CH C.CONH. 

I J 

CH CH 
N 

Nicx>tinaraide 
(Amide of nicotinic acid) 


Nicotinic acid crystallizes from water or alcohol in colour 
less needles, m.p. 235-5'' — 2365°. It subliines without 
decomp>osition. It has the properties of an acid as well as 
of a base, forming salts with alkalies and acids. It is soluble 
in water (about 2 5 per cent) and alcohol and is sparingly 
so in fat solvents. 


Nicotinamide cry’Stallizes from benzene in colourless 
needles, m.p. 129''. It is hydrolyzed by strong mineral acids 
or by alkalies to nfcotinic acid. It is soluble in water, 
alcohol, chloroform and benzene and is fairly stable to heat. 

Physiological Action and Requirement , — ^As the name 
^pellagra-preventive' factor indicates, the deficiency of nico- 
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tinic acid or its amide causes pellagra, a kind of deirnatitis 
accompanied by inflammation of the tongue, and also some 
digestive and nen^ous disturbances. 

The usual dose for the treatment of pellagra is stated 
to be 300 — 500 milligrams of the acid or its amide. The 
normal daily requirement for an adult is about 15 — 25 
milligrams, for children i>i2 years, 4-12 mgms., and for boys 
and girls over 12 years, 12-20 mgms. 

Methods of Assay 

Micro-Biological. — The amount of lactic acid produced by' 
lMctobac\llus arabtnosus is estimated, the quantity of lactic acid 
formed being proportional to the amount of nicotinic acid or nicotina- 
mide present when the bacillus is supplied with adequate quantities 
of all necessary growth factors. 

Chetyiical or Physical, — weighed amount (10-20 g) of the 
finely ground material is extracted with hot water, the protein, etc., 
precipitated by lead acetate and the excess of Pb removed by 
sulphuric acid. Cone. ilCl is added to make about 5 [xt cent solu- 
tion, heated on water l>ath for 30 minutes to hydro]y;^c the nicotina- 
ruide, the solution decolori/ed with fr<‘shly precipitated Zn(OH)j, 
the pH adjusted to 7 and made up to a known volume. An aliquot 
part is treated with cyanogen bromide-aniline reagent and the 
yellow colour developed is compared again.st a standard solution of 
nicotinic acid treated similarly (Swaminathan). 

Vitamin Pyridoxin, Adertmn 

Occuirence. — It is widely distributed both in the plant 
and animal kingdoms, yeast, rice polishings and wheat germ 
being the richest sources. The following figures in brackets 
represent micrograms oi vitamin (pyridoxin) per gram 
of food material; nee, raw, milled (23 — 3-3), v/hole wheat 
(42 — 6'4), white flour (1-2 — 2-5), Bengal gram (lo— ii), 
green gram (lo-ii), soya bean (8*o — 120), black gram 
(9-9 — 11-3), catlike — 29), cariot (1-9— 2 2), bflinjal 

(i'9), plantain, raw (i’4), French bean (0*96), potato 
(i'6— 27), mango, ripe (2*8), orange (175), goat liver 
(37— goat muscle (3 0— 4-6) fish {2*1), egg, hen's (07), 
cow's mSk (o'5— ^'2), ground nut (7-3), drie<J yeast 

(39—52). 

Preparation . — The method of isolation from natural sources is 
similar to that of vitamin B,. The vitamin is extracted with 
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, acidulated water, adsorbed in fuller's earth and eluted w-ith 
barium hydroxide. It is precipitated with phosphotungstic acid 
and isolated as hydrochloride after removal of interfering sub- 
stances by treatment with different reagents. The free base is 
prepared from the chloride by treatment with a silver salt, 

Synthesis 
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C.CH,OH 
HO.C C.CH.OH 

I II 

-Dwnethylation CH,.C CH 

X/ 

N 

P>'ridoxiii 

ConshtuUon, Physical and Chemical Properties 


The free base is a colourless ciys- 
talline powder, m.p. ibo"". It has a 
slightly bitter taste and is readily 
soluble in water, acetone and alcohol, 
but sparingly so in ether or chloroform. 
It is stable to heat and to acids or cold 
alkalis but is destroyed by light. 

Physiological Action and Require- 
yneni , — In the rat its deficiency pro- 
duces pellagra-like corvditions. In 
humans, extreme ner\^oiisness, irrit- 
ability, abdominal pain and weakness are reported as 
symptoms of the decency of this vitamin. The knowledge 
about the normal human requirement is lacking. 

Methods of Assay 

Biological . — It can t>e assayed by feeding- vitamin B, -deficient 
diet to rats and causing pellagra, and curing or preventing the 
disease by giving graded doses of the unknown. 

Chemical or Physical 

(1) TTiis vitamin giv(is an orange-yellow azo dye with diazoti/.ed 
sulphanilic acid. The reaction is very sensitive and as little as 5 
micrograms can be estimated by this method. 

(2) This vitamin gives a blue indopbcnol colour when mixed 
with 2 : 6-dichloroquinonc chloroimide with an absorption maximum 
at 660 ma. This "reaction is very sensitive amd 20 to 50 miicrograins 
can l>e easily estiinated in a colorimeter or spectrophotometer 
(Phcnolinc!ophenol Test). 

Pantothenic Acid 

Occurrence . — It occurs in all types of animal and plant 
tissues. The liver and kidney are the richest animal sources, 
followed by heart, ^leen, twain, pancreas, etc. Yeast and 


C.CH,OH 
HO.C C.CH.OH 

i I ‘ 

CH,,C CH 

X/ 

N 

P\^ridoxin 

2>Methy]-3-hydroxy- 
4:5-di- (hydroxy- 
methyl) -Pyridine 
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rice bran are nch sources. Whole cereals, pulses, and nuts 
arc good sources but vegetables and fruits contain little. 

Preparation .’ — From the liver it ha. 5 been isolated by extraction 
uith water after 'autolysis, adsorption on activated charcoal at 
pH 3-6. and elution from the charcoal with ammonia. It is then 
converted into the brucine salt and the salt is extracted ’wdth 
chloroform. It is finally converted into the calcium salt whicl><3 
purified by recrystallization. 250 kilograms of liver yielded about 
3 g. of crude pantothenic acid 

Synthesis 

IIO + H.CIIO -v- CIFOH C(CH,),.CHO >- 

Isobulyro aldehyde a'.a-EHmethyl-g- HCN 

hvdroxy propionic 
aldelivde 

rHX)H.C(rH,F (’H(OH)CN CH .()H.C(CHJ,. 

Hydrolysis CH(OH).COOH 

/ 5 -Alanine 

V (TFOH C(CnO. (') {OII).CO.NH. 

H,N.CH,,CH,„rO()H ‘ Pantotheni- acid CH, CH,.COOH 

Constitution, Physical and Chemical Properties 

ho.cil('{ch,),.(;h(oh).co.nh cif.cil.cooh 

Pantothenic acid 

[a '• >d^ihy(lroxy*/> ; /^-dimethyl butyryb/raininopropionic acid] 

It shows both acid and i^asic properties. It is readily soluble 
in water, ethyl acetate and glacial acetic acid, but sparingly 
soluble in ether and anivj alcohol. It is sensitive towards 
hot acid or alkali, but is stable in neutral medium. When 

f mre it is a pale yellow viscous oil. It has a sp. rotation 
^ Xhe calcium salt, which is micro- 

crystalline, has the sp. rotation [<] i','' +^'3'"- 

Physiologtcal Action and Require tneiU. — The role in 
human nutrition is not known. It is stated to be the chick- 
pellagra factor, necessary for the growth of the rat, and for 
the prevention of the greying of the hair of black rats. 

Methods of Assay 

Biological. — (1) It is assayed by the use of chicks which develop 
jKdlagradike symptoms on a pantothenic acid deficient diet. 

(2) It is also assayed by studyinfr the stimulating effect of this 
vitamin upon the growth of certain bacteria on synthetic media. 
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Vitamin H, Biotin, CioHieOjN^S 

Occurrence, — It is found in small amounts in all plant 
and animal tissues, and its distribution is similar to that of 
pantothenic acid. 

Preparation . — The material (liver or yeast) is extracted with 
acidulated water alter liberating the citamin by proteolytic diges- 
.«on. Some interfering substances are removed by lead acetate 
and the vitamin is precipitated by phosphotungstic acid. It is 
further puriiied by electrodialysis or by distillation in high vaccum. 
230 kil(\grams of dried Chinese egg yolk gave only i i milligrams 
of pure biotin. 

Synt/tesis , — It has been recently synthesized in the laboratory. 
Constitution, Physical and Chemical Properties 

The pure vitamin, melts 
at 230° — 232'' and the 

methyl ester melts at 166 "" — 
167°. It shows a sp. rota- 
tion U] -f92° in 
N/io NaOH solution. The 
pure vitamin is easily solu- 
ble in chloroform or ether. 
It is stable to heat and is 
easily adsorbed on charcoal from aqueous acid solutions. 

Physiological Action and Requirement, — Its role in 
human nutrition is not known. It is stated to prevent the 
^-called 'egg white injui^^', and it is essential fer the growth 
of yeast and certain bacteria. 

Methods of Assay 

Biological. — It can be assayed by studying its eflect on ^he 
grow’th of yeast, or by the amount of lactic acid produced bv the 
growth of Lactobacillus arahuiosus in a medium containing all the 
other growth essentials. 

Chemical or Physical. — Not known. 

Vitamin C, Ascorbic Acid, Cevitamic Acid, He^uronic 

Acid 

Occurrence, It is widely distributed in the animal and 
plant kingdoms. Fresh fruits and green vegetables are rich 


CO 

/\ 
NH NH 

1 I 

CH— CH 


CH, CH.{CHd,COOH 

\/ 

S 
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sources (the figures in brackets representing milligrams per 
100 grams), e.g., lemons (39 — 60), Indian guava (lOO — 
290), South African guava (100 — 700), or^ge (38 — 68), 
mango green (3), mango ripe (13 — 69), banana (7 — 8), 
Indian gooseberry" or amloki or {Phyllanthus emblica 

Willd.)' (300 — 700), tomato (22 — 40), cabbage (40 — 124), 
green peas (9-30), turnip (17—43)^ papaya (33—55)^ 
notey-sag (42 — 173), and kalmi-sag (137), radish (16— 
43), sweet potato (22 — 24), potato (12- — 36), onions (8 — 
II), jack fMiit, kayithal (ro — 16), pomegrahate (10- 16), 
pomelo (20 — 62), pudhia (123), 7 ieem leaves (129), sajina 
leaves (14O — 230). Dried cereals, pulses and auts are 
devoid of this vitamin, but germinated pulses contain fair 
amounts (10 — 20). Rose-hips and paprika are stated to 
be very nch sources. In the animal kingdom, the concen- 
tration is highest in the glandular tissues, such as adrenals, 
pituitaiyg corpus luteum, etc., and are lowest in blood and 
muscular tissues. 


Prcparaii 07 i , — The freshly pressed juice [e.g., lemon) is treated 
Avith barium acetate or neutral lead acetate and filtered. The 
vitamin is then precipitated as the lead salt by adjusting" the pH to 
7 6 with ammonia. The precipitate is decomposed with dilute 
sul].-hiiric acid at pll 2, some colouring matter removed by extrac- 
tion with n-hutyl alcohol, and the filtrate concentrated in vacu^ 
ladow 6oT The vitamin is precipitated with acetone or ether. It 
is purified by crystallization from methyl alcohol. Hungarian 
pepper yielded 20 — 25 pc‘r cent of ascorbic acid. 


Synthesis 


CH.OH 

I 

HOC.H 

I 

HO.CH 

1 

H.C.OH 

I 

HO.C.H 

I 

CHO 

d-glucose 


CH,OH 

Catalytic HO.C.H 


liydr .genation HO.C.H 

I 

H.C.OH 

I 

HO.C.H 

1 

CH.OH 
d sorbitol 
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Bacterial 

oxidation 

V 

Acetobacter 

suboxydans 


CH,OH 

I 

CO 

I 

HO.C.H 

I 

H.C.OH 

I 

HO.C.H 

I 

CH.Ol I 
1-sorboM 


COOH 

I 

CO 

UNO, I 

HO.C.H 

I 

H.C.OH 

I 

HO.C.H 

I 

CH.OH 

2-keto-l- 
gnlonic acid. 


CO 



HO.C 

II 

Methyl ale 

HO.C 

1 

Na - me th oxide 

i 

H.C 


1 

HO.C.H 


I 

CH.OH 
1 -ascorbic acid 


Constitution , Phvsical and Chemical Properties 


H 


O-C— C --- C— CH- 


-CH,OH 


Vitamin C crystallizes irr 
colourless plates, m.p. 

— 192^ It is freely soluble 
in water but sparingly so 
in alcohol or acetone, and 
is in.soluble in ether and 
petToleuln ether. It shows a 
sp. rotation | <] -- + 23'' 

(water), and [a] = -f 48"^ (methyl alcohol). The pure 

crystalline solid is quite stable but in solution it is rapidly' 
oxidized by the oxygen of air, especially in the presence of 
heavy metals such as Cu or Ag, to the reversibly oxidized 
form known as dehydro ascorbic acid: 


OH OH OH 
Vitamin C or Ascorbic acid, 2:3- 
OienoM-gu Ionic acid lactone. 
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-2H 


II 


4ir 




:h,oh It o :-c— €— c'— cii— c— CH.oir 


OH OH OH 

Ascorbic acid 


+ 2H II II I 

() O OH 

Dchydro ascorbic acid 


It thus shows the characteristic strong reducing action and 
its chemical assay depends upon this property. The oxidation 
is more rapid in alkaline than in acid solutions, and it is not 
auto-oxidized within the normal pH range of plant and 
animal tissues. 

Abcorbic acid, a typical dienol, responds to the dinit:'o 
benzene test (see p. 203). The violet colour is produced 
immediately with the cold reagent. No warming is necessar\n 

Physiological Action and Requirement . — It is necessary 
for the formation of intercellular material which cements 
together the endothelial cells, and the loss of the cementing 
material lowers the strength of the walls of the blood vessels 
giving rise to haemorrhage, the condition being known as 
scurvy. It is also said to be an essential factor for normal 
tooth formation and its deficiency lowers the resistance of the 
body to infection. 

The International Unit of vitamin C is defined as the 
specific anti-scorbutic activity contained in 005 milligram 
of the pure substance. The normal requirement for children 
and adults is stated to be 28 — 100 milligrams of the pure 
substance per day. 


Methods of Assay 
Biological — 

(1) From Changes in the Histological Structure of the Teeth . — 
One group of guinea-pigs is fed on diets deficient in vitamin C, and 
another group receives different doses of a standard preparation of 
vitamin C. After a fortnight they are killed and the lower jaw bones 

removed and decalcified. Sections are cut of th^- root of the 
incisor and stained. The extent of disorganization of the structure 
is compared with those receiving the standard preparations. 

(2) From Growth. — Guinea-pigs beginning- to decline on a scor- 
butic diet are fed with graded doses of the unknown and their 
growth compared with that of positive controls. 

Chemical or Physical 

The material Ls extracted with a mixture of 10 per cent trichlor- 
acetic acid and 10 per cent meta phosphoric acid. The acid extract is- 
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then titrated with a standardized indicator solution of 2 ; 6 dichloro- 
C 1 


phenol indophenol, O 



Cl 


N 






which 


Cl 


reduced to the colourl 'Uf> .a 



Cl 




The fre^hh' prepared dye solution is standardized against pure 
ascorbic acid since the commercial dye may not be quite pure ; 
20 milligrams of the pure dye dissolved in lOo c.c. water is reduced 
by about lo milligrams of pure ascorbic acid. In case pure ascorbic 
acid is not available, the dye can be standardized against a standard 
iodine solution, one c.c. of N/200 iodine being equivalent to 0-^4 
milligram of ascorbic acid. 20 c.c. of the dye solution is added 
to 5 grams of KI dissolved in 20 c.c. water, 10 c.c. of 20 per cent 
acetic acid is added and the libcTated iodine is titrated against 
freshly prepared thiosulphate solution. 

For urine, measure out 0*5 c.c. of a 0-05 per cent of the dye 
solution into a liard glass test tube, add i-o c.c. oi glacial acetic acid, 
and run in the fresh urine from a small biiretti* until the red colour 
is just discharged. The concentration of the acetic acid should l)e. 
l ept at about 10 pcT cent, and if the volume of the urine exceeds 
TO c.c. the expel irhent should lx; repeated by taking more acetic acid. 
The titraticn should be completed within two minutes, but not laster 
than half a minute. Sinfe i mgm. of tlie dye is equivalent to 0-5 
mgm. of pure ascorbic acid, the percentage of the latter can be easily 
calculated. The addition of i vob of acetic acid to 10 vols. of urine 
helps to preserv^e the urine for this estimation for about 4 hours. 

Vitamin P, Cilrin, Permeability vitamin 

This vitamin occurs in citrus fruits such as lemon, 
orange, grape fruit, etc. Its chemical nature has not as yet 
been definitely established but highly potent concentrates 
prepared from the above sources are known to contain the 
glucosides hesperidin and eriodictin besides other unknown 
active components. The deficiency of this vitamin causes a 
decrease in capillary resistance resulting in a haemorrhagic 
condition of the skin known as ''nutritional purpura'', not 
cured by vitamin C. The daily protective dose is stated to 
be 50 to 100 c.c. of orange juice. 



PART V 

TOXICOLOGICAL CHEMISTRY 

CHAPTER XXXll 

Introduction. Classification of Poisons. Selection of 
Materials. Preservatives. Routine Procedures for 

Chemical Analysis. Methods of Extraction. 

Introduction 

Toxicology is the science of poisons and implies the study 
of their origin, their properties, their action on the organism, 
the treatment of their harmful effects* and their detecQon 
and quantitative estimation. The subject is, therefore, divided 
into medical or clinical toxicology and forensic toxicology, 
the scope of the latter being the detection of criminal poison- 
ing by chemical or other means. The term toxicology has 
been derived from the Greek word ‘toxicon’ which means 
poison, particularly those poisons with which the primitive 
man used to paint the arrow-heads (toxa — bow and arrow) 
to render them more effective in killing their enemies, men 
and animals. 

It is very difficult to define the term ‘poison’. A sub- 
stance which IS harmless and is necessary for maintaining 
health may act as a poison under certain conditions. Common 
salt, for instance, is a harmless substance but is known to 
have been successfully used m this country for getting rid of 
unwanted babies by putting it into their mouth immediately 
after they are born. On the other hand, all poisonous sub- 
stances which are criminally used for homicidal or suicidal 
purposes are very efficient weapons in our armoury for 
curing diseases and saving life. In fact, it is the quantity 
of the substance or in other words its dosage that really 
accounts for its poisonous or therapeutic effects. It is stated 
that “there is no soluble substance known that does not 
possess toxic properties when given in sufficiently lar^ 
doses.” The detection of a poison and its quantitative esti- 
mation are, therefore, the essential features of forensic 
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toxicology* and toxicological chemistry is the basis of all 
such investigations in cases of poisoning, fatal or otherwise. 

ClassiBcation of Poisons 

Poisons are classified in various ways — the usual classi- 
fication being based on the signs and symptoms they produce 
on the human system, e.g., irritants, corrosives, neurotics, 
spinal, cardiac, etc. For purposes of .chemical analysis, 
however, the following classification is helpful to the toxi- 
jzological chemist; — 

1. Gaseous Poisons. 

2. Corrosives. 

3. Organic Poisons : 

(^) Volatile Poisons (including volatile alkaloids). 

(b) Nonvolatile Poisons; 

(i) Alkaloidal. 

(jj) Non-alkaloidal. 

4. Inorganic Poisons ; 

(a) Non-metallic Poisons. 

{b) Metallic Poisons. 

Selection of Materials for Chemical Analysis 

The proper selection of materials for chemical analysis 
in cases or poisoning either fatal or non-fatal, is very impor- 
tant in chemicolegal investigations. The following matenals 
should, as far as possible, be collected either by the medical 
officer who holds the post-mortem examination or by the 
investigating police officer who is placed in charge or such 
cases ; — 

1. Organs or tissues forming the routes by which the 
poison is administered: Stomach with its contents; rectum 
iin cattle poisoning by Abrus, Calotropis, etc.) ; vagina and 
uterus (in cases or criminal abortion by loc^ application of 
the pbison) ; skin and subcutaneous tissue (in cattle poison- 
ing by Abrus, and in human poisoning by subcutaneous 
injection of the poison) ; lungs (in cases ot poisoning by 
HCN, CHCl, or other volatile poisons), 

2, Organs through which the poison is elimiruited : 
Kidneys and intestines. 
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3. Organs or tissues in which the poison is retamed 
^fter absorption in the system: Liver and kidney (in all 
<ascs of poisoning); blood and brain (in cases of poisoning 
by alcohol and CHCI3 and also by CO and other gaseous 
poisons); hair (in chronic poisoning by arsenic or lead); 
•cerebro-spinal fluid (in alcohol poisoning). 

4. Excreta and other materials with which the poison 
IS eliminated from the system: Urine, faeces, vomited matter 
and stomach-washing with plain water (not with perman- 
ganate solution) in all cases of poisoning; urine, sweat and 
saliva (in cases of doping of race horses). 

5. Vessels in which the poison is suspected to have 
been powdered, dissolved or stored before its administration: 
Bottles, cups, tumblers, pestle and mortar, stl and nora, 
hypodermic syringe with its needle, etc. 

6. Miscellaneous substances: Remnants of food or 
any medicine suspected to have been taken or administered 
before the onset of symptoms of poisoning; pill- or powder- 
boxes and pieces of paper with which a medicine is wrapped 
and dispensed; bed sheets or garments soiled with vomited 
matter, urine, faeces, etc, 

Selection of Preservatives for Preventing Decom- 
position of Materials for Chemical Analysis 

Rectified spirit (90 per cent alcohol) is always used as 
a preservative for viscera, urine and other materials which 
are likely to decompose on keeping. It is, however, contra- 
indicatea in cases of poisoning by alcohol, phosphorus, 
paraldehyde, acetic acid, carbolic acid, or any other member 
of the phenol group. In such cases, a saturated solution of 
common salt (NaCl) is used. If the salt solution is not 
saturated, the putrefying bacteria, usually present in the 
viscera (intestines), continue to grow there and decompose 
the organic matter along with the poisons (particularly the 
alkaloids and glucosides) retained therein; and yeast and 
other fungi, if they happen to be present in the stomach, 
cause fermentation of carbohydrate foods especially during 
the hot months of the year, and produce ethyl alcohol and 
other fermentation products. A serious fallacy is thus 
introduced into the investigation which would, therefore,. 
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result in the reporting of a non-alcoholic case as one of 
alcohol poisoning. It is, therefore, the duty of the analyst 
to see that the salt solution, a sample of which is always sent, 
according to Government orders, along with the viscera and 
other materials for analysis, is really a saturated solution 
(containing about 33 per cent of NaCl). It has been found 
by actual experiments by one of us (K.N.B.) that the food 
materials collected from the stomach during post mortem 
examination could easily^ be fermented even in the presence 
of 15 per cent salt solution simply by keeping on the labora- 
tory table for about 48 hours. As the fluid portion of the 
stomach contents tends to dilute the salt solution consider- 
ably, and as a low concentration of salt favours the growth 
of fermenting organisms, it is imperative that a large excess 
of correctly prepared saturated salt solution is added to the 
material to be preserved. 

In case the concentration of NaCl in a salt solution is 
found to be too low and if alcohol is detected in the stomach 
contents preserved with the same, it is necessary to determine 
the quantity of alcohol present in them and also to find out 
if urine, blood, liver and other organs contain any alcohol. 
In cases of alcohol poisoning, it is not in the stomach alone 
that the analyst will detect alcohol but in the other organs 
too. At the same time, he should inspect the condition of 
rhe lining membrane of the stomach which in alcohol 
poisoning is always found congested. 

The ordinary ‘methylated spirit* containing pyridine 
bases and caoutchoucine (distillate of scrap rubber) which 
are used as lenaturants in this country is a highly undesir- 
able preservative. The pyridine bases may be mistaken for 
alkaloids and thus interfere with the detection and identifica- 
tion of an alkaloidal poison. 

The material for detection of gaseous poisons, e.g,, blood 
for carbon monoxide, should not be mixed with any preset" 
vative, but it must reach the laboratory within a few hours 
and must be examined before decomposition sets in. 

Importance of History and Clinical Indications 
in a Case of Poisoning 

As poisons are numerous an^ as the chemical nature of 
most of the indigenous poisons is unknown, the medical or 
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the investigating police officer must as a rule supply all 
relevant informations regarding the suspected poison, the 
clinical signs and symptoms developed by the victim or the 
pathological findings recorded in post mortem examination, 
without which the toxicologist has to grope in the dark and 
to go on testing for all the poisons he knows of. This would 
naturally involve considerable waste of the poison which is 
usually too scanty even for a normal routine analysis, and 
thus the chances of missing it would be greatly increased, 
particularly if it is a rare or an indigenous poison. It 
may be noted that an accurate history of the case with 
correct clinical indications is rarely rendered available to the 
toxicologist in this country and more often than not the 
history supplied by the friends and relatives of the victim is 
misleading. 

Before taking up the actual analysis of the viscera, the 
toxicologist must look for any congestion or corrosion that 
might have been produced by the poison in the stomach or 
intestines and he should himself inspect the mucous coat of 
the stomach and the intestines instead of depending entirely 
on the post mortem report. 

General Considerations for Chemical Analysis 

All chemicals required for analysis should be chemically 
pure and carefully stored in a special cupboard. The clean- 
ing of glass-ware should be supervised by a responsible 
officer. No poisons should be kept in the room in which 
chemical analysis is conducted and no menials should be 
allowed to handle any of the reagents and the materials for 
examination. The beakers, basins, flasks, etc., employed in 
the poison extraction chamber, whxh is really a large fume 
chamber fitted with electricity, gas and water, should be 
properly marked and numbered to indicate the different 
stages of the experiment and also the nature of the materials 
which are being analysed there. As a case of fatal poisoning 
may comprise varieties of articles such as viscera, stomach- 
wash, vomited matter, urinct faeces, cups, plates or bottles, 
and suspected medicine or food, proper labelling or numbering 
of each of these articles is essential. The analyst should never 
depend on his memory for identifying the beakers, flasks or 
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basins used in keeping the solutions or extracts connected 
with any of the aforesaid exhibits so that no error might be 
introduced into the investigation. Blank tests should be 
carried out frequently or with each new set of chemicals and 
utensils to guard against contamination with any extraneous 
poison. To avoid accident and waste of materials, shaking 
with solvents for the extraction of poisons should always be 
done in a mechanical shaker and not by an assistant. 

The material for examination should be divided into 
three portions: (i) One portion to be examined for volatile 
and mineral poisons, (2) another portion for non-volatile 
organic poisons, and (3) the third portion to be held in 
reserve for certain inorganic poisons and for repeating, if 
necessary, any of the above items, or for carrying out any 
special experiment for the detection cf any unknown 
itidigcnous poison, as for instance, the feeding of experimental 
animals with extracts prepared with different solvents. 

Routine Procedures for Chemical Analysis 

(i) Gaseous Poisons. 

The material for detection of gaseous poisons should be 
taken up first. As no preservative is added, it is quickly 
decomposed and thus rendered unfit for examination. The 
usual poison in this country is CaRBON MONOXIDE and the 
material is Blckod. 

^2) Volatile Poisons. 

(a) The material for volatile poisons, such as alcohol, 
phenol, aldehydes, chloroform, hydrocyanic acid and cyanides, 
chloral hydrate, phosphorus, ammonia, etc., should be taken 
up next. As no definite opinion can be given in most cases 
of poisoning without a quantitative determination of the 
poison detected, it is necessary that the total quantity of each 
of the materials received and of the portions taken for analysis 
should be weighed or measured accurately and recorded. The 
viscera (properly minced), stomach contents, vomit or other 
materials to be examined are not to be mixed together but 
should be examined separately. They should be brought 
to the consistency of a thin gruel by adding 3 — 5 times of 
distilled water and acidified with tartaric acid and submitted 
to steam distillation. The condenser and the receiving flask 



ANALYSIS OF VOLATILE POISONS 


419 


:should be well-cooled, especially during the hot season, with 
jce, the outlet of the condenser being dipped in a little water 
or NaOH solution or any other reagent as necessary. A 
few cubic centimetres of liquid paraffin and a few small 
pieces of pumice stone (ignited) may be taken in the flask 
to prevent frothing and bumping. It is better to collect the 
distillate in 4 or 5 fractions of which the first one should not 
exceed 20 c.c,, and the remaining fractions should be of about 
50 c.c. each. The flask containing the material should pre- 
ferably be heated on the water hath. If phosphorus is 
suspected, the distillation should be carried out in a dark room 
and a black screen placed between the burners and the 
condenser (see p. 550) so that the phosphorescence may be 
seen quite clearly. 

(b) TTie distillate from the acid mixture may contain 
alcohols, paraldehyde and other aldehydes, ethers, acetdne, 
carbolic acid and other monohydnc phenols (polyhydnc 
phenols are not volatile in steam), carbon disulpuide, thymol, 
camphor, turpientine, essential oils, caoutchoucine (from 
denatured spirit) and other volatile hydrocarbons, chloral, 
chloroform, nitroglycerine, benzene, benzoic acid, salicylic 
acid, hydrocyanic acid, hydrochloric acid and other volatile 
acids, phosphorus and also a few other volatile substances. 

(c) After the completion of the acid distillation, the 
flask is allowed to cool and its contents are rendered distinctly 
alkaline by adding NaOH solution or magnesia. The alkaline 
mixture is then distilled again in the same way as before 
and the distillate collected in "-wo fractions — the first fraction 
of about 20 c.c. and the second of about 50 c.c. The distillate 
from the alkaline mixture may contain aniline, pyridine, 
nicotine, coniine, ammonia and other volatile bases. 

(3) Inorganic Poisons, 

(a) The residual material in the distilling flask may now 
be submitted to tests for inorganic poisons. A complete 
analysis for all possible poisons is not necessary because it is 
only rarely that more than one poison is administered to cause 
death. The best procedure is, therefore, to seek for the most 
common poisons which the toxicologist usually comes across 
in his field of work and a few preliminary qualitative tests 
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may first be employed for this purpose, and of these the 
Reinsch test occupies the foremost place. It is the most 
convenient and valuable test for arsenic, antimony, bismuth 
and mercury and to some extent for silver* 

(b) Copper salts may also be detected at this stage by 
what is called the iron wire test. The material is diluted 
with water, acidified with HCl and thoroughly shaken. It is 
filtered and in the filtrate a piece of clean and polished iron 
wire is placed and kept there for some time or overnight if 
necessary. In the presence of a copper salt, the iron will 
become coated with red metallic copper. The test is crude 
no doubt, but is quite reliable, if positive. 

(c) If from the history of the case, or from the appear^ 
ance, colour or smell of the original material, any suspicion 
of ’'the presence of any other inorganic poison is roused, it 
will be desirable to submit this residual material to specific 
tests for the particular poison suspected. The following 
metals may be remembered in this connection: barium, 
bismuth, lead, chromium, manganese, etc. If the specific 
tests bdl to detea any of these poisons, and which is not un^ 
likely in view of the fact that poisons are usually scanty and 
always mixed up with large quantities of organic matter, 
such as the viscera, food-stuffs, faeces, etc., it will be neces- 
sary to submit the material to special methods (see para e) 
for the destruction of the organic matter and thereby setting 
free the metals as their inorganic salts for identification. In 
case a complete and systematic analysis of mineral poisons 
is called for, the oxidized material ts most suitable for the 
separation of the different groups of metals and their 
subsequent identification. 

(d) Besides the metallic poisons described above, there 
are several other inorganic compounds which require special 
attention, and they should be looked for in the third portion 
of the original material held in reserve (see p. 418). In 
this category come such compounds as chlorates, nitrates and 
nitrites, sulphides, halides and the mineral acids. Some of 
them are best separated from the mass of organic matters 

*by dialysis. TTic material (specially the stomach contents 
and the vomit) if it is too thick in consistency, is diluted with 
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distilled water and is placed in the inner vessel of the dialyzcr 
which is suspended inside the outer vessel containing distilled 
water. A dialyzer may be easilv prepared in the bboratory 
by knocking off the bottom of a oe^er and then tying tightly 
a wet parchment at this end with a piece of strong twine so 
as to permit of no leakage. The crystalloids pass out of the 
nut^rials under examination from the innei vessel into the 
distilled water outside which is tested for the poison looked for. 

(e) The Destmetion of the Organic Matter of 

viscera, stomach -contents, faeces, etc., referred to in para (c), 
should always be done to set free the metallic poisons com- 
pletely if a quantiutive estimation of the poison is required, 
or if the Reinsch test or any other qualitative test for a sus- 
pected metal becomes doubtful or negative. There are 
several methods recommended for this purpose, of which 
Vet ashing’ or acid digestion is the best. Formerly, the 
method of Fresemus and Babo (oxidation by KCIO3 and 
HCl, see p. 569) used to be considered most suitable, but on 
account of its lengthy procedure, its inability to oxidize com- 
pletely all the organic matter, the partial loss of arsenic during 
the process of digestion and the formation of a large quantity 
of KCl which saturates the final solution, this method is not 
much advocated nowadays and is made use of only in special 
cases, as for example, for the determination of mercury. 
Instead, the mtric' sulphuric acid digestion method of Ram- 
berg (modified) is now in vogue. This method is quite 
satisfactory for the detection of all the metals except mer- 
cury which volatilizes during the process of oxidation of the 
organic matter. 100-200 grams of the material are weighed 
into a large Kjeldahl flask and 20 to 40 c.c. of cone. 
HNOt are added to cover the material and the flask is gently 
heated on a small flame when the mass begins to liquefy. 
The heating is continued until the liquefaction of the material 
IS complete and that must be done in the presence of copious 
brown fumes of nitric oxide in the flask. At this stage, 
about 20-30 c.c. of cone. HaSOj are added and the flask 
IS heated strongly over a wire gauze, and cone. HNO, is 
added in drops (by means of the apparatus shown on page 
422) to the contents of the flask at the rate of about 10 
drops per minute so that the ’atmosphere in the flask must 
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at no time be free from brown fumes\ Heating is continued 
until all organic matter is destroyed and the liquid becomes 
clear and colourless or straw coloured. To find out if the 
oxidation is complete* the flask is heated 
without adding any HNO3, If there is 
any unburnt organic matter* the liquid 
* begins to darken* and if the digestion is 
complete no darkening takes place and 
the white fumes of SO3 are given off. 
In the former case* the addition of HNO3 
and heating are continued further till the 
organic matter is completely oxidized. 
Strong heating is continued for 15 
minutes more to expel the nitric 
acid completely. Then, after cool- 
ing, 25 c.c. of saturated ammonium 
oxalate solution is added and the liquid 
is boiled until SO3 fumes appear. This 
ensures complete removal of HNO,. It 
IS then cooled, diluted with an equal 
volume of water and carefully trans- 
ferred to a silica or pyrex beaker. The beaker is then heated 
on a hot plate or on a sand bath to expel the excess of HjSOj. 
The solution is cooled and diluted with water in such a way 
that the strength of the acid in the mixture is in the neigh- 
bourhood of 10 per cent. At this stage a precipitate may be 
formed which contains the insoluble salts of lead* bismuth* 
tin, barium, strontium or silver. Arsenic* if present, will be 
in the soluble form as arsenic acid and an unstable sulphate 
As 2 (504)3 which on dilution with water breaks down into 
the trioxide AS2O3 : 

+ 3H2O = ASjO, -f 3H2SO, 

The precipitate is filtered off and tested for the metals 
mentioned above. The filtrate will now contain all the other 
metals except mercury. For the detection of arsenic by 
Rcinsch’s test or for its estimation by Gutzeit's or Marsh’s 
method, the arsenic acid present in the' filtrate should be 
reduced to arsenious acid by treatment with a suitable 
reducing agent (see p. 425). The solution is now ready for 
systematic analysis for metals* 
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(/) For Systematic Analysis for Metals the usual 
procedure is first to reduce the acidity of the solution, if it 
IS too stcongly acid, by partially neutralizing with NaaCO^ 
so that tin and antimony may precipitated completely by 
H^S. In a strongly acid solution, Sb and Sn do not readily 
combine with H.S. A concentration of acid corresponding 
to a p-25M solution is most satisfactory for the precipitation 
of these metals as sulphides. The following methc^ is useful : 

(1) The acid solution treated as above is heated on a 
water bath to a temperature of 60"^ — 7 o°C and then saturated 
with H^S by passing the gas (arsenic free) for about an hour 
at this temperature. It is then removed from the water bath 
and allowed to cool gradually, the passage of H^S being con^ 
tinned until the solution is cold. The flask is corked and set 
aside overnight. The precipitated sulphides settle down com^ 
pleteiy and are filtered off and then washed with water 
charged with H2S. The residue on the filter consists of 
sulphides of As, Sb, Sn(part), Hg. Pb(part), Cu(part), Bi and 
cadmium, while the filtrate contains chromium and along 
with other metals with which we are not concerned. 

(n) The sulphides upon the filter are thoroughly ex-' 
tracted with a hot mixture of ammonia and yellpw ammonium 
sulphide. The filtrate is reheated and poured again over 
the precipitate on the filter, and this process is repeated 
several times. The final filtrate contains As, Sb, Sn and Cu 
and the residue on the filter paper contains Hg, Pb(part), 
Bi and Cd. The specific tests for these metals may r.ow he 
applied to the filtrate as well as to the precipitate in the usual 
manner of qualitative analysis. 

{ill) The filtrate from the H^S precipitate containing 
chromium and zinc may be tested for the identification of 
these two metals. 

(g) The Reinsch Test. It is best done in the 
following manner : About 20 c.c. of cone. HCl (pure 
for toxicological work) and 100 c.c. of water are taken 
in a porcelain basin in which a bright copper foil* 
about 3'' by is placed with one of its ends being 
fixed on the edge of the basin in the form of a loop. It is 
boiled for about half an hour to see if the copper, basin, and 
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the acid are free from any of the metals the presence of 
which is sought for. In case there appears a stain on the 
copper foil, this blank experiment should be started again 
with fresh materials. If the blank is negative, the suspected 
substance is added and boiled for about an hour or more with 
occasional addition of water and acid to make up for the loss 
due to evaporation. If arsenic or any of the metals which are 
detected by this test is present, a stain will appear on the 
copper foil in a few minutes. In the case of arsenic, it will 
be a shining steel^^y stain which on further deposit of the 
metal becomes quite thick and black. The colour of the 
antimony stain is bluish black and that of bismuth is black 
and in the case of silver a dull or greyish white deposit of 
silver* is formed. In the presence of mercury, a bright 
silvery mirror is obtained. The copper foil is removed, 
carefully washed with distilled water and dried by pressing 
It gently between the folds of a filter paper. It is then cut 
into small strips and introduced m a small flat sublimation 
tube. The bottom of the tube is gently heated on a small 
flame; the arsenic, present on the foil as copper arsenide 
CU3AS2 (aAsCl^ -f 6Cu = 3 CuCL C uj As;>), is oxidized and 

crystals of arsenious 
oxide are deposited just 
above the heated portion 
of the tube. On exami^ 
nation under the low 
power of the microscope, 
beautiful octahedral and 
monoclinic crystals of 
AS2O3 of varying sizes 
(see Fig. 44) will be 
observed. If the crystals 
are very small and scanty 
and if there is too much 
moisture present in the 
sublimate, due to incom^' 
olete drying of the copper 
I'ig. *14 foil before heating, the 

crystals are likely to be missed under the microscope. This 
defect may be rectifled by filling the tube with absolute alcohol 




REINSCH TEST — ITS LIMITATIONS 


425 


which absorbs the moisture and makes the sublimate clean 
for identification of the crystals, however small or ill-formed 
they may be. 

Antimony, by this method, will sublime readily and yield 
characteristic needle-shaped crystals of Sb203, either singly 
or in clusters (Fig. 62, p, 572). Mercury will give globules of 
metallic mercury. Bismuth does not sublime but may be 
oxidized, while the deposit of silver remains unchanged or 
turns black on oxidation. 

There are certain limitations to this test which deserve 
careful attention. They are as follows : (i) The test does 

not work properly if oxidizing agents such as nitric acid, 
chlorates, MnO^, etc., are present as they tend to dissolve 
the copper foil during boiling. They must be removed before 
the test is applied, and the best way of removing them is to 
evaporate the material with excess of HCl to dryness, dissolve 
the residue in water and acidify it with HCl if necessary, but 
there is the possibility of some loss of arsenic during evapora- 
tion with excess of HCl. (it) If pentavalent arsenic, i.e., 
arsenic acid, is present, the result is likely to be doubtful or 
negative. In such cases treatment with a suitable reducing 
agent such as sodium sulphite, potassium iodide, stan- 
nous chloride, ferrous sulphate, etc., will convert it into 
arsenious acid. It is, therefore, desirable to repeat the 
Reinsch test after treatment with a reducing agent in all 
cases where a negative result is obtained, (m) Organic 
arsenical compounds do not also respond to this test but 
after the destruction of the organic matter (see p. 421) 
and conversion of the organic arsenical into an inorganic 
arsenic compound, the result becomes positive, (ir) Some 
organic sulphur compounds, on the other hand, produce a 
black stain of copper sulphide which may be mistaken for 
antimony or bismuth or even arsenic, (v) During the 
process of putrefaction of the tissues, arsenic may be 
converted into insoluble arsenic sulphides which may not 
respond to the test. Both (iv) and (f) may, however, be 
circumvented by previous oxidation of the material which 
removes the sulphur by oxidation, (li) The concentration 
of HCl in the boiling mixture should not be too high or 
too low. It is desirable to maintain a concentration of 
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about I in 6* If the maximum limit is exceeded, there may 
be loss of arsenic as AsCI^ by volatilization. If, however, 
there is no organic matrix in the material a concentration 
as low as 2 per cent of HCl may suffice for a positive 
reaction but it would certainly be a slow process, the 
optvnum concentration bemg about 8 per cent in which no 
loss of arsenic takes place. 

(4) Non-volatile Organic Poisons 

This group comprises alkaloids, glucosides, barbiturates, 
salicylates, sulphonal group, acetanilide, sulphonamides, phen-' 
acetin, antipyrine, santonin, picric acid, picrotoxin, croton 
oil, certain animal poisons such as cantharides and snake 
venom, indigenous vegetable poisons of unknown composition, 
and a few other organic poisons. They are extracted in 
the following manner: 

The extraction of these poisons depends on their 
solubility or otherwise in acid or alkaline water and in 
certain organic solvents which are immiscible with 
water. The method generally employed for extraction 
of the alkaloids and some glucosides is that of Stas^ 
Otto or Dragendorff, which has been modified from time 
to time by different workers in this line. Both the methods 
are tedious and time-consuming and require much technical 
skill, particularly in cases where the poison is unstable and 
does not stand heat or when it undergoes hydrolytic decom- 
position during extraction. In the case of non-alkaloidal 
poisons, simple extraction with ether, chloroform or any other 
suitable solvent, without going through any of the long- 
drawn methods, may serve the purpose. 

The nuun difficulty in all the methods for extraction of 
a poison from the viscera is to get rid of fats and pigments 
which interfere with its isolation in pure form and subsequent 
identification by confirmatory tests. The fact that most of 
the organic poisons, particularly the alkaloids, are generally 
found in very small quantities, stands in the way of repeating 
the processes for purification, as each repetition is followed 
by a certain amount of loss of the poison isolated giving a 
minus error. If not sufficiently purified^ a positive error 
arises. This is the reason why the results of quantitative 
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determination of organic p>oisons especially the alkaloids are 
never dependable and the negative nndings in many cases do 
not represent the actual state of affairs* The analyst “shouId» 
therefore, report his results as so much alkaloids actually 
recovered, and never state that the amount reported represents 
the exact quantity present in the tissues'’ (Webster). 

The Stas-Otto Method of Extraction 

The original method of Stas-Otto has been considerably 
modified and even now the toxicologists modify it according 
to their experience and to the nature of the material to be 
examined and also according to the nature of the alkaloid 
suspected to be present. The greatest difficulty is ex^ 
perienced in examining post mortem materials which contain 
too much organic matrix and too little poison. ^There is 
'analytic error’ even in inorganic analysis, and when dealing 
with colloidal matter in masses, several tens of thousands 
larger than the crystalloidal poisons to be recovered, 
®t ^tlMvoid 'analytic error’ may exceed the ratio of the 
quantity of the poison, or leave less than what is needful 
for identification.” 

The following modification of the Stas-Otto method has 
been successfully employed for the routine examination of 
viscera and other materials : — 

(d) The material is finely minced, preferably in a 
mincing machine, mixed witn plenty of rectified spirit 
(afctout 2-3 times the weight of the material) in a flask and 
acidified with tartaric acid. The mixture is heated on the 
steam bath for i — 2 hours with thorough shaking at frequent 
intervals and the extraction is then allowed to proceed for 
about 24 hours with the steam off. It is then filtered 
through a fluted filter, the filtrate evaporated and the residue 
again extracted with acidulated alcohol in the same way, 
filtered and washed several times with hot rectified spirit. 
The combined filtrates are evaporated in a porcelain basin 
on the steam both to a syrupy consistency. 

{b) To the syrupy residue- about 100 cc. of rectified 
spirit is now added very slowly with constant stirring so that 
the insoluble matter may be granular and not gummy. If the 
alcohol is added rapidly, or all at a time, the insoluble matter 
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will be gummy causing much loss of alkaloids by enclosing 
them m the sticky mass. It is wanned with occasional 
stirring for about half an hour and filtered. This process 
is repeated once more and the combined alcoholic extracts arc 
evaporated almost to dryness. 

(c) The residue is now dissolved in about 50 c.c. of 
water acidulated with dilute sulphuric -acid and filtered 
after about an hour. The poisons are thus dissolved out by 
the acid aqueous solution which is transferred to a separating 
funnel ancl extracted with a suitable solvent, such as ether, 
chloroform, etc., in portions of about 20 c.c. The solvent 
would take up the following from the acid solution : 
Colouring matters, toxic oils and resins, salicylic acid and 
its derivatives (aspirin, salol, etc.), barbiturates, sulphonal, 
acetanilide, phenacetin, traces of weak bases such as caffeine, 
colchicine, narcotine and alkaloids of ergot, certain glucosides 
such as thevetin, and any fat which has escaped initial 
treatments for purification. 

(d) The acid aqueous solution is then rendered alkaline 
with a solution of sodium carbonate or ammonia which would 
liberate the free base from its salt. The alkaline solution 
is now extracted with chloroform in the same way as in the 
previous stage. It will take up all the alkaloids except 
morphine (only a trace being extracted) and those feebly 
basic substances which are partially extracted from the acid 
solution. The extraction is repeated 2 or 3 times more. 

(e) If morphine is suspected, it may be ext acted at 
this stage by amyl alcohol or chloroform-ether (3:1) mixture 
or chloroform-alcohol (9:1) mixture. Of these, amyl alcohol 
IS the best but as it is prone to form annoying emulsions the 
chloroform-ether mixture is used by many. If morphine is 
likely to be the only poison, the choloroform extraction 
fstage d) described above may be omitted altogether. 

The combined chloroform or amyl alcohol extracts are 
evaporated to dryness and the residue is now ready for 
further purification and confirmatory tests, 

(f) The ^evaporated chloroform extract is purified by 
dissolving it in about 20 c.c. of water acidulated with 
sulphuric acid and filtering through a small filter. The 
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filtrate is extracted with chloroformt first in acid and then 
in alkaline medium, as was done during the initial stages o£ 
the extraction. These extracts arc evaporated to dryness 
and submitted to specific tests for different poisons. 

Modifications of the Stas-Otto Method under Special 
Circumstances 

In carrying out the Stas-Otto extraction, one should use 
his discretion in modifying the different stages of the method 
according to the history or the medicolegal aspects of the 
case. In certain cases tne number of stages may be reduced 
considerably to avoid loss from repeated purification. In 
cases where there is neither any history nor any definite post- 
mortem indication available, it may be necessary to proceed 
with the analysis systematically without cutting short any of 
its stages or modifying any or its details. It is important to 
remember that **every organic poison, whether alkaloid or 
otherwise, and if alkaloid, whetner in the state of #ie free 
base or of a salt, is invariably more or less soluble in every 
menstruum employed in purifying the material. It is com- 
monly assumed that in shaking out an acid solution with 
ether, chloroform, or other immiscible solvent all the alkaloid 
salt remains in the aqueous solution; but this is far from 
true, some of the alkaloid salt being taken up by the im- 
miscible liquid used. In this way a serious loss of the poison 
may occur, and if the amount originally present is small there 
may be even a complete failure to detect it, the losses being 
so considerable’' (Haines). 

The following modifications of the technique are some- 
times necessary under certain circumstances : 

(i) If aconite, belladonna, datura or cocaine is suspected, 
th6 alcoholic extraction of the tissues is to be carried out at 
room temperature (not exceeding 40° C) and not on the 
steam bath (see para a on p. 427) and preferably with 
absolute alcohol instead of rectified spirit so as to prevent, 
as far as possible, the hydrolysis of the alkaloids, and the 
evaporation of the alcoholic extract should be done under 
reduced pressure at room temperature — a Cenco pump being 
very helpful in this operation. 
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(ii) If the material is preserved in saturated salt 
solution, the first extraction with alcohol should be continued 
for two days, but if it is preserved in rectified spirit as is 
usually the case. 24 hours* extraction as described under 
{a) is suflScient. 

The stomach contents usually containing too much 
fluid matter should be extracted with excess of absolute 
alcohol, otherwise the rectified spirit becomes too much 
diluted, more so if they are preserved in NaCl solution. If. 
however, rectified spirit is used for the extraction instead of 
absolute alcohol, the process should be repeated 3 or 4 times 
or more. The reaction of the stomach contents being 
normally strongly acidic, the addition of tartaric acid in the 
first extraction may not be necessary. 

(jv) The stomach washings are likely to contain some 
solid particles (e.g. datura seeds, kernels of oleander, gritty 
particles of dry opium, and many other substances of this 
nature) which should be carefully picked up, ground in a 
pestle and mortar, and submitted to the extraction process 
separately. In no circumstances should the solid residue in 
the specimen of the stomach-washing be mixed up with the 
supernatant fluid. Similarly, the first washing should not be 
mixed up with the others. As a large quantity of water is 
present in the stomach wash it should not be got rid of by 
boiling but should be expelled during the usual process of 
alcoholic extraction, that is to say, the material is mixed with 
about double the quantity of absolute alcohol, acidulated with 
tartaric acid, and then allowed to evaporate either on a steam 
bath or at room temperature according to the nature of the 
suspected poison. 

(v) The filtration of the alcoholic extracts may be 
hastened by using a Buchner funnel and a suction pump. 
Ordinary funnel with cotton wool or cotton wool and sand 
may also be used for the same purpose. 

(t't) There is always a danger of an emukion being 
formed during the process of shaking of the aqueous solution 
with the solvent, but it may be easily avoided it the following 
technique is followed : In the first extraction the mixture ts 
shaken very gently and not more than half a dozen times, 
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and then allowed to separate and the solvent is drained off. 
The next extraction is also done in the same way, shaking not 
exceeding a dozen times. The third extraction may be a 
little more vigorous, shaking being continued for about a 
minute or two, but if any indication of an emulsion becomes 
visible the shaking should be stopped at once and the solvent 
drained off. If the extraction is repeated m this way with 

increasing force in shaking, no emulsion will form even after 

prolonged and vigorous shaking during the last 2 or 3 

extractions. 

If, however, a heavy emulsion is formed at any stage 
due to inadvertence of the analyst, it is better to pour down 
the emulsion into a shallow dish and expel the solvent by 
evaporation on the steam bath or by aeration at room 
temperature and to begin the agitation gently with a fresh 
quantity of the solvent, instead of wasting time by fruitless 
attempts to draw off the solvent. 

(vii) Picric acid, oxalic acid, or any such poison which 
is soluble in ether but insoluble in chloroform may be ex- 
tracted from the acid aqueous solution c (p. 428) direct by 
ether. It may be noted that the ether extract may also 

contain salicylic and other acids, some barbiturates, some 
neutral principles, and the feebly basic alkaloids as obtained 
in the case of extraction by chloroform. 

(vitt) In suspected cases of poisoning by indigenous 
vegetable poisons, the extraction of the aqueous solution 
should be done first with chloroform in the usual way and 
then with ether, because there are certain glucosides which are 
soluble in ether but not in chloroform. Similarly, the 
alkaline aqueous solution d (p. 428) should also be extracted 
separately with chloroform as well as with ether. 
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Identification of Poisons. Gaseous Poisons. 

Corrosives: Acids, Alkalies, Salts. 
Identification of Poisons 

The inorganic fx>iSons offer no difficulty in their isolation 

identification. It is with organic poisons that the analyst 
experiences a lot of difficulty both in their isolation and identi- 
fication by chemical tests. The sine qua non of a successful 
chemical test is the punty of the reagents used as well as of 
the poison isolated. The reagents in pure condition arc no 
doubt easily available but an organic poison, particularly an 
alkaloid isolated from the viscera and purified to the same 
degree of purity, is rarely obtainable. 

Besides, due to bacterial decomposition, proteins of 
animal tissues undergo peculiar changes and form what are 
called cadaveric alkaloids or putrefactive bases or the so-called 
ptomaines, some of which respond to chemical as well as 
to physiological tests for vegetable or true alkaloids. It has 
been stated that these alkaloids arc soluble in water but 
insoluble in chloroform or ether and as such they cannot be 
extracted by any of these solvents either from the acid or 
from the alkaline aqueous solution (Sidney Smith). They 
cannot, therefore, possibly introduce iny fallacy into the 
investigation, although it is described in most text books that 
these bases are extractable by the usual solvents of alkaloids 
and are liable to be mistaken for poisonous alkaloids of 
vegetable origin. 

It may, however, be noted that cadaveric alkaloids^arc 
rarely poisonous except perhaps two, neurine and mydaleine, 
which produce signs and symptoms resembling those produced 
by atropine, muscarine, aconitine, etc. In the Chemical 
Examiner’s Laboratory in Calcutta, necropsy materials from 
nearly i,ooo cases arc examined every year, but no such bases 
appeal to have been isolated from tnc highly decomposed 
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bodies which are so common in this part of the country 
especially during the hot months of the year. We, therefore, 
agree with Sidney Smith that cadaveric alkaloids are not 
likely to interfere with our analysis and expression of definite 
opinions thereon. 

The suspected poisonous materials isolated by any of 
the extraction methods described before should be tested 
chemically by more than one test and also biologically when- 
ever it is feasible. One should never depend on the single 
chemical test but must attempt to apply as many tests as the 
amount of the poison isolated would permit. 

!n the following pages the chemical and other tests for 
the identification of inorganic and organic compounds obtained 
in medicolegal cases have been described. The tests which 
do not always give satisfactory results, have not been 
discussed here. The poisons have been taken up serially 
according to the classification given in the previous chapter, 

GASEOUS POISONS 

Carbon Monoxide 

It is produced by the incomplete oxidation of coal, coke, 
charcoal and other fuels. It is present in ordinary coal gas 
varying from 4 to 15 per cent. Fatal poisoning from carbon 
monoxide is usually accidental and sometimes suicidal but 
rarelv homicidal. Sleeping in small rooms with doors and 
windows closed and having burning charcoal to keep off 
cold, has been the cause of quite a large number of cases of 
fatal carbon monoxide poisoning in the slums of Calcutta 
and elsewhere. Suicide by coal gas or ‘‘gassing*’ is fairly 
common in the West. People who are accustomed to breathe 
the vitiated air of the house or to live in atmospheres rich 
in CO can resist the action of this toxic gas to a considerable 
extent and are not “gassed” as readily as those who are used 
to ^e in a more healthy atmosphere. The poisonous action 
of CO 1$ due to Its power of turning out the oxygen from 
the O^-haemoglobin, thus depriving the tissues of the oxygen 
which is earned to them by the red blood corpuscles. 

The material for examination in cases of CO poisoning 
is the blood to which no preservative should be added. 

28 
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Teats for Carbon Monoxide 


(i) Colour Tests. — The blood in CO poisoning is of red 
or pink colour. It retains this colour even if it is highly 
diluted while the dark coloured normal blood looks yellowish 
under the same condition. The comparison is b^t made 
by looking down through the columns of the diluted blood in 
Nessler's tubes placed on a white paper. 


. bj) Tannic And Test- 
JopCL dilute with 


“Take i c.c. of the suspected 
blopcT dilute with a c.c. of distilled water, add 3 c.c. of a i 
per cent solution or tannic acid and shake the mixture well 
and leave aside. A pink or carmine red flocculent precipitate 
appears which gradually settles at the bottom and retains its 
colour indefinitely. If the tube ts kept sealed the red colour 
persists for years. In the case of normal blood, the pre- 
cipitate when it is first formed is red but its colour changes 
gradually, and in i — 2 hours it becomes brown or grey. Atter 
24 hours the colour changes to dirty brown or grey. 


(ui) Katayama*s Test — The suspected blood is diluted 
with distilled water (1:50). Take 10 c.c. of the diluted 
blood, add 4 drops of orange-red ammonium sulphide 
solution (prepared by adding 2 grams of sulphur to 100 c.c. 
of yellow ammonium sulphide) and 4 — 6 drops of 30 per 
cent acetic acid just to render the mixture faintly acidic. 
Mix well and filter off the precipitated sulphur. The filtrate 
of CO'blood will retain its red colour whilt the normal blood 
becomes green or grey. 

(iv) Spectroscopic Test. — Take a drop or two of the 
suspected blood, dilute with distilled water (50 to 100 times), 
take some in a small test tube and examine with an ordinary 
hand direct-vision spectroscope. CO — blood, if saturated, 
shows two well-defined absorption hands (known as a and 
bands) between D and E lines, slightly differing in posi- 
tion from those of oxyhaemoglobin (the a band being slightly 
nearer to the violet end). On the addition of a dro# or 
two of a freshly prepared solution of ammonium sulpnide, 
hydrazine, sodium hyposulphite Na3S204, or Stoke's reagent 
(solution of ammonia^ ferrotartrate), the two bands would 
not coalesce to form one broad band of reduced haemoglobin 
as happens in the case of oxyhaemoglobin of normal blood. 
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it is important to remember that in cases of CO" poison^ 
ing where the blood contains less than 30 per cent of 
CO"haemoglobin, the result is confusing* In such cases the 
addition of the reducing agent reduces the oxyhemoglobin 
portion of the blood kavtng the CO^hxmoglobin portion 
intact and so both the spectra appear on the scene and make 
the rwulting spectra indistinct and ill^defined* 

To carry out successfully the spectroscopic test for CO" 
blood» it is better to take a drop or two of normal blood and 
gradually dilute it to the required strength so that the normal 
oxyhaemoclobin bands (between D and E lines) are distinctly 
seen in the spectroscope* Reduce it with a drop of freshly 
prepared solution of a reducing agent when the two bands 
coalesce to form one broad band characteristic of reduced 
haemoglobin. With the same amounts of suspected blood 
and the reducing agent and unth the same extent of dilution 
as was found most suitable for normal blood, the kispectcd 
blood would give a satisfactory result. 

Quantitative Determination of CO in Blood 

This may be done both by chemical and spectroscopic methods. 
For the latter method, Hartridge’s Reversion Spectroscope serves the 
purpose best, the detailed description of which will be found in the 
Analyst (Vol. 56, p. 561, 1931). This method is quick and accurate. 
The qualitative tannic acid test may be made quantitative by fully 
saturating a sample of normal blood with carbon monoxide and then 
adding this sample to normal blood in different proportions varying 
from 10 to 90 per cent- The mixed samples are precipitated with 
tannic acid solution as described above and thus form the standards 
with which the depth of colour of the sample of suspected blood 
^treated in the same way and with the same strength of tannic acid 
solution) is compared. 

For purposes of calculation it is necessary to remember the 
following data: (i) A blood containing the normal amount of 
haemoglobin vdll retmn 20 volumes per cent of CO after complete 
saturation. (2) A blood containing less haemoglobin will require 
correspondingly less amount of CO for saturation. (3) The amount 
cf CO in, blcKKl is expressed in terms of percentage of saturation, e.g., 
if the CO content or a blood is 12 volumes per cent, its percentage 
of saturation is 20; 100 : ; 12 : X, or 60, provided its hemoglobin 
content is normal. 

The other gaseous poisons are HaS, PH,,, and AsH, but 
as cases of poisoning by these gases have not been recorded 
so far in this country they have not been discussed her^ 
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CORROSIVES 

CORROSIVE ACIDS 
1* Sulphuric Acic* 

In cases of susp>ccted sulphuric acid poisoning it is 
essential, for the expression of a definite opinion, to detect 
free sulphuric acid in the material (stomach-contents, vomit, 
or tissues) or to determine the total quantity of sulphates 
so as to prove that such an amount could not be accounted 
for in any way other than the administration of sulphuric 
acid. \ 

Free sulphunc aad is rarely found in stomach contents 
or tissues after death for following reasons: (i) It may 
be vomited out, (2) may be neutralized by alkalies giv(>n as 
antidote^, and (c) may combine chemically with the tissues 
with which it comes in contact. On account of the presence 
of sulphates normally present in tissues and food materials, 
and of the free HCl of the gastric juice, it is difficult to state 
definitely that free HoSO^ is present. 

In *‘acid throwing*' cases the skin, blackened or dis- 
coloured by the acid and the blisters produced thereby, may 
be carefully snipped off with a pair or scissors and submitted 
to the method of extraction described below. As the quantity 
of the material available for analysis is too small, necessary 
modifications have to be introduced. 

Extcacrion of H2SO^ and Soluble Sulphates. — By 
the following method of extraction, free sulphuric acid as 
well as soluble sulphates may be isolated and quantitatively 
determined : 

(a) Weigh out finely minced tissues, stomach contents 
Or any other material and extract with distilled water on the 
steam bath for a few hours and then leave it overnight. Filter 
and wash the residue 'with water till the filtrate is sulphate 
free. Gjneentrate the filtrate to about 150 c.c. and transfer 
to a measuring flask, rinse and make up the volume to 
150 c.c. with distilled water (A). 

(b) Measure out 100 c.c. of the filtrate and evaporate to 
as near dryness as is ^ssible on the steam bath. The residue 
consists or free HjSO^, sulphates and other salts with some 
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organic matter. The free HCl of the stomach and any 

volatile organic acids originally present in the material are 
all volatilized at this stage. Sometimes phosphoric acid is 
produced by the action of sulphuric acid on phosphates of 
tissues and foodstuffs and it is retained along with the 

sulphuric acid in the residue. Treat the residue with a 
mixture (1:1) of cold alcohol and ether. Filter and wash 
the insoluble matter (consisting of sulphates and other salts) 
with alcohohether mixture till the filtrate is acid free. 
Evaporate the filtrate on the steam bath and expel alcohol 
and ether completelyt the residue being only a syrupy sub- 
stance consisting of free H0SO4 and traces of ethyl 

hydrogen sulphate and H3PO4. Add about 30 c.c. of water 
and heat the solution to boiling for hydrolytic decomposition 
of ethyl hydrogen sulphate into HoSO^ and alcohol, the 
latter being expelled by boiling. This acid solution (B) is now 
fit for detection of free H.SO^ and determination of its 

quantity. Divide it into two equal portions, one portion for 
qualitative tests for free H^SO^ and the other for its volu- 
metric or gravimetric determination. 

‘ (c) Take the remaining portion (50 c.c.) of the filtrate (C) 

from the measuring flask (A) for determination of the total 
soluble sulphates (free and combined H^SO^) present in 
the material. By deducting the amount of free H2SO4, i.e., 

(B) from the result of (C), the amount of sulphates would 

be obtained. 

Teats for Free Mineral Acids 

(j) Add a few drops of an aqueous solution of methyl 
violet (0 0 r per cent) • to 2-3 c.c. of the acid solution, a 
greenish blue colour is produced. Organic acids do not 
produce any change in colour. 

(it) Test the solution with congo-red paper, the red 

colour changes to deep blue. Organic acids produce a violet 
colour. 

(iiO Add a few drops of cochineal solution, the red 

colour changes to yellow. 

Tests for Sulphuric Acid 

(t) Add a few drops of BaCL or Ba(N03)2 solution, 
a white precipitate of BaSO^ insoluble in HCl or HNO, is 
formed. Free H^SO^ and all soluble sulphates give BaS04. 
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(ii) Take some acid solution in a test tube fitted with 
a bent tube (bent twice at right angles) and concentrate it 
to a syrup by boiling. Add a small piece of a copper turn-' 
ing and ^il again, SOj is liberated which is passed into- 
another test tube containing 

(^) some stannous shloride solution; on warming it 
gives a yellow precipitate, or 

(b) some iodic acid solution with 2^3 c.c. of chloro- 

form; SO3 reduces iodic acid and liberates 
iodine which imparts a violet colour to chloro- 
form on shaking, or 

(c) some weak solution of KMnO^ (about 01 per 

cent or less): the pink colour of permanganate 
is discharged by SO3. 

Qaantitative Determination of H 2 SO 4 and Soluble Sulphates 

Me^isure out and transfer the solutions (B) and (Q to two 
beakers, acidulate with HNO,, heat to boiling and add Ba (NO,), 
solution drop by drop till the precipitation of SO, as BaSO, is 
completed in both the beakers. Allow to cool. Filter and wash till 
the filtrates are free from acid. Dry and ignite the residues. As 
there are some organic matters in the solution, particularly in (C) 
there would be slight reduction of sulphates to sulphides which should 
be leconverted to sulphates in the usual way. The weight of BaSO, 
in solution (Bl) represents the amount of free H3SO,, and the weight 
of BaSO^ in solution (C) represents the total amount of free and 
combined H,SO,. Multiply the weight of BaSO, by 0-4201 , the 
result will give the weight of H^SO, in the quantity of the solution 
examined, or by 0-3420 and the result will be the weight of H3SO, 
or sulphates calculated as SO,. 

The amount of free H,SO, present in the solution (B) can also 
be determined by titration with a standard alkali but as H,PO, and 
in some cases traces of lactic acid are likely to be present, the 
gravimetric method is to be preferred. 

N.B. The normal sulphate contents (calculated as SO,) of 
liver, kidney, spleen and brain are, according to Wittbaus, 5-2. Ti‘ 5 r 
0*0, and 187 milligrams respectively per lOO grams of the tissue. 

2. Nitric Acid 

Free nitric acid is, as in the case of HjSO^ poisonings 
not often found in the stomach. Much of it combines with 
the proteins of the tissues and food materials to form 
xanthoproteic acid and nitro compounds. 
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Extraction of Free Nitric Add . — Free nitric acid 
may, however, be detected by test papers in the same way 
as described under H2SO4. If a free acid is indicatecir 
it should be extracted and confirmed by the following 
method (Baumert) : The tissues, stomach contents, etc., 

are extracted with distilled water on the steam bath for 

some time and filtered. Neutralize the filtrate with slaked 
lime or calcium carbonate and evaporate to dryness. Extract 
with cold 95 per cent alcohol in which calcium and sodium 
nitrates are soluble. Filter the alcoholic extract and again 

evaporate to dryness. Dissolve the residue in distilled 
water. Filter the aqueous solution and evaporate to dry- 
ness. Dissolve the residue in a mixture of alcohol and 

ether (1:1) in which only calcium nitrate is soluble, transfer 
it to a well corked flask and keep it overnight. Filter, 
wash with alcohol-ether mixture and evaporate the filtrate 
to dryness. Dissolve the residue, Ca(N03)2, in a small 
amount of water and test for nitrates. 

Tests for HNO3 and Nitrates 

(») Brucine Test , — Take a drop of the solution in a 
porcelain dish, add a drop of cone. H0SO4 (chemically pure) 
and a small crystal of brucine — a blood-red colour is pro- 
duced if nitrate is present, 

(u) Ferrous Sulphate Test , — Take a few drops of the 
solution in a porcelain dish, add a drop or two of cone. 
H2SO4 and a crystal of ferrous sulphate when a dark brown 
colour develops round the crystal due to formation of 
FeSO4.NO. 

This test may be done in the usual way in a test tube 
if a sufficient amount of the nitrate is available, when a dark 
brown ring develops at the junction of the concentrated 
sulphuric acid and nitrate-ferrous suphate mixture. 

(m) Copper Test , — Take the solution in a test tube, 
place a small piece of copper turning and add a drop or 
two of pure cone. H2SO4 to liberate HNO3 from the nitrate 
and boil. HNO, becomes concentrated and attacks copper 
to form reddish brown fumes of NO3. If the amount of 
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nitric acid is too small in quantity, the brown fumes will not 
be visible but may be easily detected by starch-iodide paper 
which turns blue. 

(iv) Diphenylamine Test , — Add a few drops of the 
diphenylamine reagent to the nitrate solution and layer this 
mixture over some pure cone. H2SO* in a test tube when a 
blue colour appears at the junction of the acid and reagent 
layers. This reagent is prepared by dissolving i gm. of 
diphenylamine in 5 c.c. of dilute HaSO^ (10 per cent) and 
100 c.c. of water. 

This test is very delicate but is not specific for nitrates. 
It is also given by other oxidizing substances, e.g., chlorates, 
nitrites, permanganates, chromates, peroxides, etc. 

If there is much excess of nitric acid, it may easily be 
detected by filtering and washing out the materials with 
distilled water and submitting the filtrate to the specific tests 
described above, or it may be isolated in purer condition 
by ordinary distillation. If there is no indication of any 
free acid, the material should be tested for nitrates and, if 
positive, the determination of the amount of nitrates would 
DC necessary to prove that such an amount could only be 
due to administration of nitric acid or nitrates. 

Quantitative Determination of Nitrates and Nitric Acid 

Dumreiclier^ Method. — C-arofuIly extract a weighed amount of 
the material (finely minced tissues, stomach contents, vomit, etc.) 
with distilled water for a few hours cm the steam hath. Philter and 
thoroughly vvash the residue >vith water. Transfer the filtrate to a 
flask and add excess of freshly prepared stannous chloride solution 
(prepared by dissolving 16 g. pure granulated tin in r>o g. of 40 
per cent pure HCl) and hoil the mixture for an hour. During this 
process nitric acid and nitrates are reduced to ammonia which 
combines with HCl to form NH^Cl. Transfer the mixture to a 
porcelain basin, and evn^wrate on the steam bath to dryness, dis- 
aolve the lesidue in distilled water, filter and wash. Transfer the 
filtrate to a flask and render it alkaline with strong (40 per cent) 
solution of caustic soda and distil. Collect the distillate in a conical 
flask containing a known amount of N/io H^SO^ with a few drops 
of an indicator. Titrate it vvith N/ro NaOH. Multiply the amount 
of ammonia determined by this titration by 37, and the result will 
represent the quantity of HNO, present in the weighed anu^iunt of 
the material taken. 

The presence of large quantities of organic matter from tissues or 
food materials may prevent successful extraction of nitrates or their 
reduction to ammonia for quantitative determination. In such condi- 
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tions the use of a dialyzer for separation ^of nitrates in pure form 
from the mass of organic matters may be helpful. 

The skin stained yellow with HNO3 or blisters from 
the skin in *acid throwing’ cases may also be examined for 
detection of nitrates by modifying the processes and tests 
described in the preceding paragraphs. 

3. Hydrochloric Acid 

Since free hydrochloric acid is normally present in the 
stomach to the extent of about 0 4 per cent, and since 
chlorides are always present in tissues and foods and also 
taken sometimes in excess by some people as a condiment 
a quantitative analysis is imperative, much more than in 
the case of sulphuric or nitric acid poisoning, before any- 
thing significant is assumed. 

If the reaction of the materia! is acid and if the acidity 
IS due to free HCl as indicated by its specific tests described 
below. Quantitative determination of both free HCl and 
soluble cnlorides has to be carried out. If the reaction is 
neutral or alkaline (due to alkalies administered as antidote), 
the question of free HCl does not arise and the amount of 
total chlorides requires to be determined. 

Extraction. — The liquid materials, e.g., stomach wash, 
may be tested directly after repeated filtrations but if the 
result is not very decisive, distillation is necessary. The 
solid material should be mixed with water and distilled as 
described below : 

Distil a portion of the material (tissues properly minced, 
stomach contents, vomit, stomach-wash, etc.) and collect 
the distillate in two fractions — the first fraction consists 
mainly of water and the last fraction consists of water and 
HCl. The distillation in such cases is to be continued till 
the contents of the flask are almost dry so that the free 

HCl may be distilled completely, the last few c.c.’s of the 
distillate being usually the pure acid. 

It may be noted that HCl does not begin to dvstil until 
its concentratwn is about 10 per cent. If, for instance, 

100 c.c. of a solution containing i per cent HCl is distilled, 

the first 90 c.c. of the distillate contains, if at all, only 

traces of the acid while the last fraction would contain 
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the whole of the acid which may be submitted to the following 
tests: 

Tests for free HCl and Chlorides 

(») Congo-red paper test or any other suitable test for 
free mineral acids as described under sulphuric acid. 

(«) Gunzberg*s Test . — Take a few drops of Gunzberg’s 
reagent in a porcelain dish, evaporate to dryness over a 
small flame and cool. Add with a glass rod the material 
to be tested to the dried reagent. Warm gently — a purplish 
red colour develops in the presence of free HCl. 

N.B. H2SO4 also gives this test to a certain extent. 

Gunzberg's reagent is prepared by dissolving 2 g. of 
phloroglucinol and one gram of vanillin in 100 c.c. of 95 
per cent alcohol. 

(iti) Silver Nitrate Test . — Add a few drops of AgNOj 
solution — a curdy white precipitate is obtained which is^ 
soluble in ammonia or KCN and insoluble in strong HNO3 
even on boiling. 

N.B. HCN also gives a white precipitate under the 
same conditions but it is soluble in HNO3 on heating. 

(iv) Chlonne Test . — Add a pinch of powdered MnO^ 
and boil. When the solution is sufficiently concentrated 
after the excess of water is driven off by boiling, HCl is 
acted upon by MnO^ and free chlorine is liberated which 
IS detected by its characteristic smell and colour. But if it 
is evolved in a very minute quantity, its presence can be 
detected by a delicate test such as starch-ioefide paper which 
turns blue. 

Quantitative Determination of HC! and Chloride! 

Weigh out the materia] and extract with warm water for an 
hour or two with frequent shaking. Filter into a measuring flask and 
wash the residue till the filtrate is free from chlorides as indicated 
by a drop of AgNO, solution. Make up the required volume by 
adding dialled water. 

(a) Take an aliquot part (about 1/3 of the total bulkf) and 
neutralize (if it is acid in reaction due to presence of free HCl) with 
sodium carbonate to fix up the free HCl (volatile) as sodium 
chloride. Evaporate it to dryness in a platinum or porcelain capsule, 
incinerate to complete carbonization of organic matters whicn are 
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always preseat in such filtrates, breaking up with glass rod the lumps^ 
of ^rbonized mass formed during incineration. Extract the car- 
bonized residue with small portions of distilled water till the filtrate 
is chloride free. Acidify with HNO, and add AgNO, solution in 
slight excess which converts all soluble chlorides into insoluble AgCl. 
Filter and wash the residue (AgCl) till it is acid free. Dry and 
w'eigh according to the usual methods of gravimetric analysis. The^ 
weight of dried AgCl thus obtained represents the weight of free 
HCl and chlorides taken together. 

(b) Take another portion of the filtrate (exactly the same 
volume as taken in (a) and evaporate to dryness without previous 
neutralization. This will drive ofi free HCl and also other volatile 
acids if present. Incinerate and proceed in the same way as in the 
previous experiment. The weight of AgCl now obtained represents 
only the soluble chlorides. If tliis figure is deducted from that of 
(^j), the difference w'ould represent the amount of free HCL 

This method of determination of free HCl and chlorides is open 
to an objection that a considerable quantity of HCl is retained by 
tissues and other organic matters in the form of acid-albumin and as^ 
such the stage [a) represents free HCl, chlorides and acid-albumin, 
and the stage (bO represents only the chlorides and that the difierence 
between (a) and (bj does not represent the free HCl only but free 
HCl plus acid-albumin. To obviate this difficulty, the method has 
been modified (Winter — Hayem) by introducing another stage (c} 
to indicate the amount of acidralbumin and chlorides taken together, 
and is as follows; 

(c) Take the third portion of the filtrate [same volume as taken 
for (oj or (b)] and evaporate to dryness on the steam bath and 
leave it there for an hour or more (free HCl is expelled leaving acid- 
albumin and chlorides in the residue^). Add excess of sodium carbon- 
ate solution, and thoroughly mix with the residue and evaporate to 
dr\mess. Incinerate to compete carbonization and then proceed as 

in (^. 

The experiments (a), (b) and (c) would give the following 
results; Free HCl = («) —(c). chlorides =(b), and acid-albumin 
= (^) (b). It may, however be stated that ordinarily this extra: 

precaution for accuracy is necessary Ln biochemical but not in 
chemicolegal investigations. 

The following factors may be noted for calculating the results: 
The weight of dried AgCF if multiplied by the factor 0 2543 gives 
the weight of anhydrous HCl, by the factor 0 8 gives the weight of 
concentrated HCl (B.P.[) which contains 31*9 per cent of anhydrous 
HCl. and by the factor 0-4075, gives the weight of soluble chlorides- 
calculated as NaCl. 

4, Oxalic Acid 

The detection of oxalic acid or oxalates in stomach 
contents, urine, tissues, etc., is only a presumptive evidence 
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of oxalic acid poisoning as oxalates arc v-:dely distributed 
in nature* All plants* particularly the vcf tables which we 
take* contain appreciable amounts of calcium and potassium 
oxalates* As insoluble calcium oxalate is soluble in dilute 
HCl* the presence of free oxalic acid in the stomach may to 
a certain extent be also due toi the action of free HCl of the 
gastric juice on calcium oxalate of foodstuffs. In this 

peculiar circumstance* quantitative determination of total 

oxalates is absolutely necessary for any opinion as to the 
cause of presence of oxalic acid in the material under 
examination* It may, however, be noted that soluble salts 
of oxalic acid are also poisonous. 

In a case of poisoning, the oxalic acid may be present 
as (i) free oxalic acid, (2) as soluble oxalates, and (3) as 
insoluble oxalates formed as a result of the administration 
of antidotes. It may be found in the stomach contents, 

stomach wash and vomit mostly as free acid, in the liver, 

kidneys and other tissues mostly as soluble oxalates, and in 
the urine mostly as insoluble oxalates. 

Extracticm of Oxalic Acid and Oxalates, — The 
acid in its three different forms may be isolated by the 
following method : Finely mince the solid material, add 
3 to 4 volumes of distilled water and digest on a water bath 
for an hour with frequent shaking. Filter. The filtrate 
(A) will contain the free acid and its soluble salts, and the 
residue (B) will contain the insoluble oxalates. Evaporate 
the filtrate (A) to dryness on the steam bath, cool, and add 
excess of absolute alcohol and digest for about an hour for 
complete solution of the free acid. Filter: this filtrate 
^alcoholic) will contain the free acid, and the residue (alcohol 
insoluble) will contain the soluble oxalates. Evaporate the 
filtrate to dryness and dissolve it in a small quantity of 
distilled water; this aqueous solution now contains the free 
Mcid. 

The alcohol-insoluble residue containing the soluble 
oxalates is digested with alcohol acidified with HCl to 
liberate oxalic acid. Filter and evaporate the filtrate to 
■dryness. Dissolve it in distilled water; the aqueous solu- 
tion now contains the soluble oxalates in the form of free 
oxalic acid. 
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Take the water^insolublc residue (B) in a beaker^ adcf 
3 to 4 volumes of water, add a few c.c of sodium carbonate 
solution to make it distinctly alkaline and boil for about 

2 hours to convert the insoluble oxalates to their soluble 
form. Cool, filter, and evaporate the filtrate to dryness* 
Add 3-4 volumes of alcohol, acidify with HCl and digest 
for about an hour. Filter, evaporate the jfiltrate to dryness 
and dissolve the residue in distilled water; this aqueous 
solution contains the insoluble oxalates which have been 
converted into the soluble form and then into oxalic acid. 

Tests for Oxalic Acid and Oxalates 

(t) Add lime-water, calcium acetate, or a saturateef 
calcium sulphate solution to oxalic acid or soluble oxalates — 
a white precipitate of calcium oxalate is formed. The pre^' 
cipitate is insoluble in acetic acid and ammonia but soluble 
in dilute HCl and HNO3. 

(u) Neutralize oxalic acid with ammonia, add CaClj 
solution — a white precipitate of calcium oxalate is formed. 

(m) Add silver nitrate solution to a neutral solution of 
oxalates — a white precipitate of silver oxalate soluble in 
ammonia is formed. 

(jT/) Add a few drops of a dilute solution of KMn04 
to a solution of oxalic acid or oxalates, acidify with dilute 
H0SO4 and heat — the colour of the permanganate is 
discharged. 

(t) Take about 5 c.c. of the solution of oxalic acid, 
mix with I c.c. of dilute HoSO., (i 12) and add 2 drops of 
10 per cent CuSO^ solution. Put into the mixture about 
I g. of granulated zinc (to form zinc-copper couple). After 

3 minutes add 2 c.c. of cone. HoSO^ to the mixture and o*i 
c.c. of a 2 per cent aqueous solution of resorcinol, a pale blue 
colour develops which deepens on warming (Analyst, 1937)* 

Quantitative Determination of Oxalic Acid 

The determinatioa of the amounts of oxalic acid present in th^e- 
forms can also be made by the same methods described before, taking 
of course the necessary precautions against loss at different stages 
of the experiments. But for practical purposes and for reasons di^ 
cussed above the determination of the amount of total oxalic acid 
(free and combined) is usually considered sufficient. 

The following methods for the determination of oxalic acid are 
useful : 
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({) For vitcert—Weigh out about 100 grama of the finely 
minced viscera, stomach contents or vomit, and add volumes of 
alcohol and acidify with HCl. Digest in the cold for about 2 hours. 
Filter through fluted filter paper and wash the residue with alcohol, 
Add about 20 ex. of water to the filtrate (to prevent the formation 
of ethyl oxalate during evaporation) and evaporate on the steam bath 
to expel the alcohol completely. Filter and transfer the filtrate 
.(which is about 20 c.c. in all) to a separating funnel and extract 3-4 
times with 50 c.c. portions or more of ether. Combine the ether 
-extracts and filter tiirough a dry filter paper Evaporate or ^stil. 
Dissolve the residue in 2-3 c.c. of distillea water. Render it distinctly 
alkaline with ammonia and then add saturated CaSO, solution or 
10 per cent CaCl, solution till the precipitation of calcium oxalate 
is completed. Acidify with acetic acid and leave the solution with 
its precipitate for 24 hours in a covered beaker. Filter. Wash the 
residue till it is acid free, dry and ignite in the usual mann er to 
convert calcium oxalate into CaO and weigh as CaO. The weight 
of CaO multiplied by 2*25 gives the weight of crystallized ox^c 
acid (C,H,0^.2 Hj 0) present in the weighed amount of the material. 
If multiplied by the factor i-6i, the weight will represent the amount 
of anhydrous oxahe acid. 

(ii) For tie urine or ttomach-waih — Salkowski's method 
is useful: Take 500 cx. of the urine and concentrate to about 1/4 
or 1/3 of its bulk. Cool, add 20 c.c. of HCl and extract five times 
with an e<iua] volume of ether-alcohol {9:1) mixture. Filter the 
ether-alcohol extracts through a dry filter and evaporate or distil the 
filtrate to expel ether (leaving out the alcohol portion). Add 
iO'i5 c.c. of water to the alcoholic residue aiid transfer it to a beaker 
and concentrate on the steam bath until the separation of a resinous 
material, water being added from time to time during this process 
of concentration. Cool and dilute the liquid with about 10 c.c. of 
water and filter with 2 or more washings, the total volume not 
exceeding 20 c.c. To the filtrate rendered faintly alkaline with 
ammonia, add drop by drop 1-2 c.c. of a 10 per cent solution of 
calcium chloride till the precipitation of calcium oxalate is complete. 
Acidify with acetic acid and allow to stand for 24 hours. Then 
proceed as in the case of viscera. 

The residue of calcium oxalate in the filter, if found quite clean 
and white, may be estimated volume trically by dissolving it in hot 
dilute H^SO^ and titrating (on a water bath at a temperature of 
about with N/io KMnO^ solution, i c.c. of N/io KMnO^ 

solution =00063 gram of crystallized oxalic acid. 

N.B, The acid ether extract by the Stas-Otto process already 
described (see pp. 428, 431) contains free oxalic acid. This extract 
may therefore be tested for oxadic acid. If poisoning by oxalic acid is 
aispected, the material should be examin^ directly for oxalic acid 
instead of submitting it to the StasOtto method of extraction. 
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S* Carbolic Acid, I^icnol 

Phenol may be found in the stomach contents mostly as 
free phenol and in the tissues mostly in combination with 
sulphuric acid, glycuronic acid, etc., which arc formed as 
metabolic products, and partly as complex organic com- 
pounds produced by the oxidation of phenol and subsequent 
combination with acids. The detection of phenol boA in 
the free state and in combination with acids is of medicolegal 
importance. In cases of acute carbolic acid poisoning, free 
carbolic acid may not always be present on account of 
administration of antidotes although it is indicated by its 
smell and signs of corrosion. 

Extraction of Free and Combine d Carbolic Acid 

— Macerate the material with 5 per cent sulphuric acid and 
distil in steam. The distillate would contain free phenol 
which was originally present as such and also obtained by 
decomposition of combined products. Apply the following 
tests to the distillate for detection of phenol. If phenol is 
present in excess, it may be found as oily drops in the 
distillate. 

Preliminary Tests 

(i) Ferric Chloride Test. — Add drop by drop a very 
dilute solution of FeCl3 to about 2 c.c. of the distillate — a 
violet or bluish violet colour is produced. The colour is 
discharged on adding alcohol (aistinction from salicylic 
acid). 

N.B. This property accounts for the fact why alcohol 
it not recommended as a preservative for post mortem 
materials in cases of carbolic acid poisoning. 

The violet colour changes to yellow on adding a dilute 
mineral acid. The FeCl^ test becomes therefore negative in 
the presence of mineral acids and alcohol. 

Cresols, particularly ortho-cresol, and other phenols and 
also salicylic acid give this test, the shades of colour — violet 
to bluish violet, being different in each case. Antipyrinet 
pyra^^idon and similar non-phenolic compounds also give 
this test. 
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(11) hromine^^watcr Test> — Add brcijinc-watcr drop by 
drop — a white precipitate which redissoives quickly appears 
on adding excess or the reagent. It is a crystalline preci*' 
pitate of tribromophenol CeH^BrjOH (m.p. 93^4‘^)» rwdily 
soluble in alcohol, ether, and alkali but insoluble in acids. 

If a large excess of bromine-water is added as indicated 
by the yellow colour of the mixture, a precipitate of tribromo- 
pnenyl hypobromite CgHaBr^.OBr is formed which melts 
at 132 — 134° with evolution of bromine. 

Other phenols, cresols, salicylic acid, etc., give similar 
precipitates which, however, differ in their crystalline forms 
and melting points. 

(m) Millon's Test. — Add slight excess of Millon’s 
reagent (about half the volume of the distillate to be tested) 
and heat for a few seconds — a red colour develops. If 
the amount of phenol in the distillate is not too small, the 
red colour may appear even in the cold. 

All monohydric phenols and their derivatives, aniline 
and certain proteins also give this test. 

(iv) Ltebermann's Test. — See phenol (page 302). 

(v) Hypochlorite Test. — Add drop by drop a slight 
excess of dilute ammonia (about ^th the volume) and 
2 — 4 drops of a freshly prepared solution of bleaching powder 
and warm — ^a blue, bluish-green or green colour is developed 
according to the concentration of the phenol present in the 
distillate. Other phenols particularly the cresols, give 
positive reaction with this test. 

Confirmatory Tests 

(i) Ware's Nitrite Test. — Dissolve i drop (0 05 grm.) 
of the phenol in 5 — 10 c.c. of cone. HCl in a mortar, add a 
minute crystal of NaNO. (size of a pin’s head) and stir— at 
once a yellow colour appears. Transfer the mixture to a 
test tube and heat slowly nearly to boiling — the yellow 
colqur gradually changes to yellowish brown, brown, reddish 
brown and red. Cool, dilute with water, and pour drop 
bv drop into excess of 10 per cent NH,OH solutfbn— a 
bluish green or deep blue colour appears. 
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Carbolic acid and crcjiol B.P. are the only phenols 
which give this test. The other phenols produce coloura< 
tions which are quite different from those sotted above, A 
positive nitrite test, therefore, indicates the presence of either 
carbolic acid or cresol B.P. The next two tests distinguish 
one from the other and thus confirm the presence of either* 

(») Ware*s Nitrite-Nitrate Test . — Dissolve i drop of 
the phenol in lo c.c. of cone. HC! in a mortar, add 0*5 grm, 
of the nitrite-nitrate mixture (NaNO^ i part, NaNOg or 
KNO3 I part and anhydrous NasSO^ 2 parts), dissolve it 
and allow the mixture to stand for 2 — 5 minutes. In the 
presence of carbolic acid, a rich crimson or blood-red colour 
appears, (a) Pour i c.c. of the blood red mixture, drop by 
drop, into some 10 per cent NH^OH solution — a deep 
emerald green colour is produced, (b) Add i or 2 drops of 
formalin (28 — 40 per cent formaldehyde) to about 2 c.c. of 
the bloocUred mixture — the colour changes to beautiful 
purple. Pour the purple mixture, drop by drop, into some 
10 per cent solution of NH,OH, a greenish blue or deep 
blue colour is produced. 

In the presence of cresol (B.P.) no blood red colour is 
produced, only brown or reddish brown colour appears. 
Addition of formalin does not change it to purple and pour- 
ing into 10 per cent ammonia changes it to yellowish brown. 
No crimson, emerald green, or blue colour is produced at 
any of its stages. This test, therefore, distinguishes carbolic 
acid from cresol. 

In testing an extract from viscera, experiments with 
pure phenol or cresol should be carried out side by side for 
comparison. 

(in) Benzaldehyde Test , — Add double the amount of 
cone. H^SO^ to a small quantity of the distillate and i — 2 
drops of benzaldehyde — a yellow or yellowish brown colour 
is produced. Heat to boiling — the colour changes to dark 
red and a red resinous substance separates out if the solution 
is not very dilute. Cool and add about 10 c.c. of water and 
render* the mixture alkaline with NaOH — a beautiful violet- 
blue colour develops. 

^9 , 
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This test is almost specific for carbolic acid, the only 
other phenol that gives a positive reaction being pure orthck 
cresoL The . cresol does not give this test. 

Quantitative Determination 

Bromatf-Bromid^ Method — ^Weieh the material, mix with about 
lOO c.c. ot water and add dilute H^SO^ so that the acidity of the 
mixture is about 5 per cent, and steam distil. The distillation should 
be contmued till the last drop of the distillate gives no turbidity with 
a drop erf bromine water. Measure the distillate and take an aliquot 
portion (25 cx.) in a glass-stoppered flask of about 500 cx. capacity. 
Add 30 cx. of if/ 10 bromine solution (prepared by dissolving 2 784 
gramn of KBrO, and 10 grams of KBr in a litre of water) and 
5 c.c. cone. HQ. Put in the stopper and shake frequently for about 
half an hour. The mixture becomes gradually opalescent and 
quently a precipitate is formed and the colour of the mixture changes 
to yellow. Open the stopper after 15 minutes, add 5 cx. of 20 
cent KI solution, shake for a few minutes and titrate the frec-iodine 
with N/10 sodium thiosulphate, using starch solution as an indicator. 
As each cx. of N/io thiosulphate is equivalent to t c.c, N / 10 
iodine or N/io bromine solution MiioiMct the number of cx. of 
N/io sodium thiosulphate used in the titration from the numl>er of 
cx. of N/io bromine originally added. Multiply the difference by 
the factor 0.001568 which would give tlie amount of phenol in 25c. c. 
of the distillate taken for analysis. 

Phenol-Camphor. — One part of phenol readily dis^ 
solve$ 3 parts of camphor to form a clear solution. Phenol 
loses its corrosive action in the presence ot camphor and 
as such the solution is non-corrosive and is therefore used 
extensively for treatment of tooth-ache, skin diseases, etc. 
No report of poisoning from its internal administration is 
available in the literature. But lately two cases of fatal 
poisoning by taking 2 or 3 teaspoonfuls of phenol-camphor 
mistaken for Tine* Opii Camphorata (Paregoric) were 
investigated by one of us in the Chemical Examiner's depart- 
ment, Calcutta. Both the patients died in about 35 minutes 
after taking the medicine on the same day. The stomach 
and a portion of the small intestine showeo patches of con^ 
gestion and haemorrhage, but they were not so extensive 
as arc usually found in cases of phenol poisoning. Both of 
them had convulsions before death. The following tabic 
shows the amounts of phenol and carrohor extracted from 
the viscera and stomach contents. The figures indicate 
gramme per kilo of the material; 
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Viscera 

1 Stomach-contents 


Phenol I Camphor 

1 Phenol 1 Camphor 

Case No. i 

0.55 Traces 

0.25 0.56 

Case No. 2 

0.50 ) Traces | 

0,33 j 0.88 


Both phenol and camphor are highly toxic and cause 
death , by respiratory and cardiac failure, but the amounts of 
phenot and camphor present in 2-3 teaspoonfuls of phenol — 
camphor are individually not sufficient to cause death in such 
a short time. It is likely that each of them intensified the 
action of the other and their combined toxic action was 
sufficient to cause death. The loss of cortosive action ol 
phenol appears to have left the mucous surfaces of the stomach 
and intestines in a much healthier condli^on and thus facili^ 
rated the absorption of both the pouons more readily than 
what IS usually expected in poisoning hy phenol. 

r*. Cresol and Lysol 

Cresol (B.P.) is a mixture of three isomeric (ortho- 
meta- and para-) cresok obtained from coal tar. The mixed 
cresol is also known as ‘trikresoP. 

Extraction — Crude cresols are used in preparing 
Jysol, which is very similar to Liquor Cresolis Saponatus 
B.Pm by treating the former with linseed oil and KOH. To 
establisn the presence of lysol it is necessary to prove the 
presence of both cresol and fatty acids. The extraction of 
cresols from viscera, stomach-contents, etc., is effected in the 
same way as is done in the ca§e of phenol. The distillate 
contains cresols, some hydrocarbons (usually present with 
crude cresols) and traces of fatty acids (from linseed oil). 
Extract the distillate with ether which takes up all the three 
components. Evaporate the ether extract to dryness and 
dissolve the residue in NaOH solution. Shake the alkaline 
solution with petroleum ether which takes up the hydro- 
carbons. Acidify the alkaline solution with HCl, cresols and 
fatty acids are liberated. Extract with ether, evaporate the 
ether extract to dryness and dissolve the residue in NajCO^ 
solution which fixes up only the fatty acids and not the 
cresols. Again extract with ether — the ether extract now 
contains only the cresols. Evaporate it to dryness and 
dissolve m wacer and test for cresols. 
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Tests for Cresoi 

(i) Ferric Chloride Test * — Dilute ferric chloride wolxx^ 
tion gives a bluish violet colour which disappears quickly 
and is followed by a dirty turbidity. 

(ii) Ware^s Nitrite Test . — Positive (see p. 448). 

(iii) Ware's Nitnte-Nitrate Test and 

(iv) Benzaldehyde Test. — Negative. (See p. 449)* 

QaantitatiTt Determination of Cresoi 

Weigh out the material and proceed with the bromate-bromide 
method of determination as in the case of phenol. Take an aliquot 
portion (about 50 c.c.) of the distillate and remove the hydrocarbons 
and fatty acids as described before. Dissolve the final ether residue 
carefully in about 25 cx. of water and transfer the solution to a glas?- 
stopper^ flask for actual titration. In the case of cresoi the factor 
is O'OOiSoi. Multiply the diflerence between the number of c-c. of 
N/io bromine originally added and the number of c.c. ofN/io 
sodium thioeulphatc required for titration, by the factor o*ooi8oi and 
the result gives the amount of cresoi present in the aliqhot portion of 
the distillate taken for examination. 

N.B- It may be noted tljat putrefaction of protein materials 
may give rise to traces of volatile and non-volatile compounds some 
of which are of the nature of phenol and cresoi and as such they 
give the tests described in the preceding pages. Opinions should, 
therefore, be guarded if any positive reaction for phenols is obtained 
in cases of post mortem materials fron> highly decomposed bodies. 

CORROSIVE alkalies 

Potassium, Sodium amd Ammonium 

The alkalies such as the hydroxides of potassium, sodium 
and ammonium are strongly corrosive, due to **thcir solvent 
action on protein matcrid, their saponifying action on the 
lipidcs and their ability to extract water from the tissues.'^ 
The carbonates and bicarbonates being feebly corrosive (and 
that is only in strong solution) arc not of much medicolegal 
importance. Lime or slaked bme in the form of lime paste 
as taken with pan is also strongly corrosive but poisoning by 
lime is practically unknown except a few cases of accidental 
poisoning which have not proved fatal* 

Since K and Na arc' normal constituents of animal and 
plant tissues and since ammonium is a decomposition product 
^of nitrogenous organic inatter« it is necessary to prove that 
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their hydroxides or carbonates arc present in the free state 
and not as their neutral salts* The normal HCl of the gastric 
juice or the organic acids present in food materials neutralize 
only a small portion of the alkali but the antidotes consisting 
usually of vinegarr lime juice* tartaric acid, etc., always ao' 
ministered in cases of such poisoning, neutralize completely 
the alkalies and the reaction of the stomach contents may, 
therefore, be neutral or even acidic* As most of the alkalies 
arc usually vomited at the early stage of the poisoning, the 
vomit may give a definite information about the nature of 
the poison used* One should not expect much from the 
examination of the tissues such as liver, kidney, etc*, since 
the absorbing surface of the stomach is practically dissolved 
cut m most cases by the strong alkali. 

Extraction of Sodium and Potassium Hydroxides. 

— The alkalies either in their own form or as salts may be 
extracted from the stomach tissues, stomach-contents or 
vomit by the following method: 

Digest the material with 3 or 4 volumes of distilled 
water on the steam bath. Filter and evaporate the filtrate 
to dryness. Extract the residue with hot absolute alcohol 
which dissolves the hydroxides but not the carbonates and 
other salts. Evaporate the alcoholic solution to dryness and 
dissolve it in a small quantity of water, the solution would 
contain the hydroxides. The residue containing the carbo- 
nates is also dissolved in water. Both the solutions may 
now be tested for sodium and potassium. 

Tests for Potassium 

(0 Flame Test. — The characteristic violet flame — best 
seen through a cobalt glass or an indigo prism. 

(») Perchloric Acid Test. — ^Neutralize the solution with 
HCl. Add a few drops of aoueous solution of perchloric 
acid {1:1) to about 2 c.c. of the neutral solution — a white 
crystalline precipitate of potassium perchlorate KCIO^ is 
formed. If no precipitate, concentrate the Solution further 
and test with concentrated perchloric acid. 

(iii) Plantinic Chloride Test. — Neutralize or slightly 
acidify the solution with HCl. Add a few drops of chloro- 



454 ORGANIC AND TOXICOLOGICAL CHEMISTRY 

nlatinic acid solution (H,PtCl.). commonly known as 
EwSe. a ySow crystailme precipitate of r«^ss.um ^lom- 
platinate K^PtCl. is formed which is insoluble in 8o pe 
cent alcohol (distinction from ammoma,. 

Uv) Tartrate Test.— Neutralize the solution wi'h HCU 

concitrate and add drop by drop strong ‘l^ium 

hydrogen tartrate— a white granular precipitate of po 
hydrogen tartrate is formed on shaking. 

(ul Cobaltinitrite Test.— Acidify the solution with 

acetic acid and add a few drops of a freshly 

(0 2 '- c in 2 c.c.) of sodium cobaltinitrite Na,Co(N 03 ;** 

a'yellfw crystalline precipitate of f 

is Lrmed. Addition of an equal volume of alcohol h^^ 
3ie Action. With ammonia it also forms a similar 

precipitate. 

Tests for Sodium 

(0 Flame Test.— Sodium salts give an intense 
flame. This test is not a confirmatory one as minute tra 
of sodium salts which are normally present in 
impart the characteristic yelbw colour to a 
(it) PyrO'antimonaU Test. Neutralize 
bv K CO and concentrate. Add an excess of 

aLeo^ Mlution of potassium hydrogen pyro^antimon^ 
TiTSa shake and aUow to stand for sometime-^ 
white c^stalline precipitate of Na,H Sb O, is f°cmed. It 
may bTnccessary to keep it overnight before a PcccP'^ate 
aoXars. The original solution must be neutral or slighdy 
Ene but never acidic. The presence of meUls oth« 
than K and Na interferes with the test and they shou 

removed. 

cWoroSaHnate multiplied by the Iwtor 
the ™t of KOH present in the weight of the 

ot for^^Xi^^'tlTfor whkh”Us on analytical 
chemistry may be consulted if neceasary. 
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Extraction of Ammonium Hydroxide amd its Salts* 

— As ammonium hydroxide and ammonium carbonate arc 
volatile, they quickly disappear from stomach contents and 
other materials unless the examination is made soon after 
they are available. Antidotes neutralize the alkalinity and 
fix up the hydroxide and carbonate as non-volatile ammo- 
nium salts. If the material is distilled as it is, free ammo- 
nium hydroxide, if present, may be obtained and tested. 
If the residue (after distillation for free ammonia) is rendered 
strongly alkaline with a caustic alkali and again distilled, 
the ammonium salts will be decomposed and a further lot of 
free ammonia will be obtained. TTie distillates are collected 
in a few c.c. of water and tested for ammonia. 

• 

Tests for Ammonia 

(t) Add a drop of Nessler*s reagent to the distillate — a 
yellow or brown colouration or a dark brown precipitate is 
obtained. 

(u) Neutralize or slightly acidify the distillate with HCl 
ind add a few drops of chloroplatinic acid (HaPtClJ solu- 
:ion — a yellow crystalline precipitate of ammonium chloro- 
platinate is formed which is soluble in 8o per cent alcohol 
(c/., potassium). If the precipitate is evaporated to dryness 
and extracted with alcohol-ether (3:1) mixture, the alcoholic 
solution gives on evaporation under the microscope beautiful 
yellow octahedral crystals of (NHJaPtCl*. 

(in) Add a few drops of mercurous nitrate solution — a 
black precipitate is formed. A strip of paper moistened with 
mercurous nitrate solution may be used for this test — it 
blackens on touching the distillate. 

(iv) Add a small drop of a strong solution of mercuric 
chloride to the distillate on a slide — beautiful needle shaped 
crystals will be seen under the microscope. 

Quantitative Determination 

(<i) Free Atmnonia — Weigh out the finely minced material into a 
distilling flask and mix thoroughly with excess of absolute alcohol 
and some ether and then distil on a water bath at a temperature not 
exceeding 40X. The free ammonia and ether are distilled over 
and collected in a receiver containing a known amount of N/io 
H SO. The amount of ammonia is then determined by titration 
with N/io NaOH. 
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Instead of distilling on a water bath as described above, the free' 
ammonia may be expelled from the flask containing the material 
with alcohol amd ether by passing a current of air by means of water 
pump £or about an hour or more if necessary. The ether and 
ammonia will pass over to the receiver containing the known amount 
of N/io 

(b) Combined Ammonia — The material having no free ammonia 
is weighed and taken in a distilliiig flask and rendered strongly 
alkaline with strong solution of NaOH and distilled at boiling 
temperature. The distillate is collected in a knowTi amount of N/io 
H,SO^ which is titrated with N/io NaOH and the amount of 
ammonia is calculated therefrom. 

N.B. It may be noted here that the quantitative determination 
of ammonia is rarely of value because ammonia being highly volatile 
escapes from the stomach contents, vomit, tissues, etc., and on the 
other hand it is formed during the process of putrefaction of tissues 
and other protein materials. In either case. theref<5re, the refiult 
is likely to be erroneous. 

CORROSIVE METALLIC SALTS 

Zinc Chloride 

This is a caustic substance* It readily dissolves proteins 
and, therefore, acts as a corrosive poison. As it is used in 
certain industries lately developed in this country, poisoning 
by this salt, mostly accidental and occasionally suicidal, has 
been reported. 

As zinc is normally found in varying amounts in human 
tissues (lo — 45 mgm. per kilo), human hair (116-420 mgm.) 
and in foodstuffs (as much as mgm.), mere detection of 
this metal in the tissues is of little medicolegal importance 
(x/idc Table next page). 

Extraction of Zinc. — The general method of destruc- 
tion of organic matter and extraction of metallic poisons 
from the tissues has b^n described on pp. 421-22. To the 
add solution thus obtained apply the following tests for zinc i 

Te ts for Zinc 

(i) Add some ammonium chloride (solid) and alkali- 
nizc the mixture with ammonia. Filter. Pass H^S through 
the filtrate — a white precipitate of zinc sulphide is formw. 
The precipitate is soluble in mineral acids but insoluble in 
acetic add and sodium acetate. 
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N.B. If iron is present even in traces, the precipitate 
becomes dark in colour. 

[it) Dissolve the zinc sulphide thus obtained in dilute 
HCl and add a few drops of K^FelCN)^ solution — a gelatin 
nous white precipitate of zinc ferrocyanidc Zn2Fc(CN)6 is 
formed. Add a few drops of bromine-water to the precipitate 
— a gr^nish yellow or yellow colour develops. Boil. A 
green or bluish green precipitate is formed. 

(ju) Mercury thiocyanate test . — Neutralise the acjd 
solution and take a drop of it on a microscope side and evapo- 
rate almost to dryness. Add a drop of the reagent (prepai^ 
by dissolving 30 g. of HgCl^ and 33 g. of ammonium thio- 
cyanate in 50 c.c. of water at room temperature), charac- 
teristic feathery crystals of Zn (CNS)2.Hg (CNS)^ will be 
seen under the microscope. 


TABLE 


Zinc-contents of some foodstuffs. 

per kilo of fresh materials 
Wheat germ ... 140 — 145'0 

Wheat flour ... 6*5 

Whole meal flour 250 

Wheat bran ... 74 — 1120 

Indian tea 25 — 42*0 

Cabbage ... 20 — 4*0 

Spinach ... 71 


Figures indicate milligrams 
(Sylvester & Hughes) 

Potato ... I '8 

Carrot ... 3 *^ 

Beet root ... 7'4 

Apple ... 033 

Egg (whole) ... 10*0 

Egg (yolk) ... 23— 29*0 

Egg (whiteO nil. 


QuantitatiTe Determination of Zinc (Colorimetric method of 
SyWefter and Hughes). 

Take a known amount (10-20 or an amount likely to contain 
O'l — I'O mgm. of zinc) of the matenal. oxidize by the nitric-sulphuric 
acid method and expel the excess of H,SO^ by heating on a sand 
bath. Treat the residue wdth 5 c.c. of 5 N hydrochloric acid, heat 
to boiling, dilute with 10 c.c, of water and boil again. After cooling 
transfer it into a separating funnel by rinsing with 20 c.c. of water, 
add 10 c.c. of 5 N ammonium acetate solution (prepared by dissolv- 
ing 386 g. in a litre of water) and mix. 

Add 5 c.c. of 0*15 per cent chloroformic solution of diphenyl- 
thiocarbazone (dithizone), shake vigorously, allow to separate and 
transfer the chloroform extract to a second sepairating funnel. Wash 
the chloroform extract by shaking it with a mixture of 6 cx. of 
5 N ammonium acetate solution, 3 c.c. of 5 N HCl and 10 c.c. of 
water. Allow to separate, transfer the chloroform layer to a third 
separating funnel and wash with 20 c.c. of distilled water* Transfer 
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the chloroform layer to a fourth separating funnel, leaving the wash 
waters in the 2nd »Hnd 3rd funnels. Again extract the liquid 
remaining in the ist funnel with 5 c.c. of dithizone reagent and 
follow the above procedure, using the wash liquids left in the funnels 
from the treatment of the previous extract. If necessary, repeat the 
process until the liquid in the ist funnel is completely extracted, as 
indicated bv the colour of the reagent appearing unchanged after 
shaking. WTien the extractions and washings are completed, the 
whole of the extracts will have been combined in the fourth funnel. 

To the combined extracts add 10 c c. of N/2 hydrochloric acid 
and shake. Run oflf the chloroform layer and transfer the acid solu- 
tion to a 100 c.c. pyrex beaker. Wash the funnel with about ro c-C. 
of distilled water, adding the washings to the contents of the beaker. 
Re-extract the dithizone solution with another 10 c.c, of the dilute 
acid, and again wash the funnel with 10 c.c, of water, adding the 
acid extract and the washing to the liquid in the beaker. 

Evaporate the contents of the beaker to dryness. Add 5 drops 
of pure perchloric acid and 5 drops of loo-vol. (30 per cent) hydrogen 
peroxide and heat to dryness on a hot plate. Repeat this process 
until all organic matter is destroyed and a white residue is obtained. 
Wash down the sides of the beaker with distilled water and again 
evaporate to dryness. 

The rinc is determined in the residue so obtained by either of 
the following methods: — 

(a) For amounts of Zinc not exceeding 0-2 mgm . — Add o*t c.c. 
of glacial acetic acid and a pinch (about to ingm.,) of ammonium 
hydrogen fluoride, followed by 2 c.c. of 5 per cent freshly prepared 
IQ solution and 2 drops of i p)er cent freshly prepared starch solution. 
If a blue colour appears after the addition of the starch, add a few 
dropw of a ver\'’ dilute solution (N/500) of sodium thiosulphate until 
the colour is just discharged. Add about 0 5 c.e. of i per cent 
KjFefCN), solution and, stirring with a glass rod, titrate with 
N/500 Na^SjO, solution (freshly prepared from N/io solution^. 
The titration give.s better result if carried out in a dark room by 
artificial light, but this is not essential. The blue starch iodide 
colour may be adsorbed on the precipitated zinc ferrocyanide and in 
this case the precipitate serves as an indicator. Since 1*0 c.c. of 
N/500 NajSjO, solution = 0 20 mgro. of zinc, the amount of zinc 
present in the material taken for determination is calculated 
accordingly. 

[b) Fof amounts of Zinc exceeding 0'2 mgtn . — Add i c.c. of 
water, i c.c. of glacial acetic acid, i c.c. of isopropyl alcohol, 5 dropi 
of diphenylbtnzidine reagent (prepared by dissolving 50 rapn. in 
100 c.c. of pure glacial acetic acid, assisted by the addition 01 a few 
drops of dilute H,SO^ and wanning, and filt^ng if necessary) and 
2 drops of a I per cent freshly prepared solution of K,Fe(CN)«. 
A blue colour is obtained in the presence of zinc, and a dirty greOD 
colour if very small amounts of zinc are present (aa in the blank od 
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reagents). Titrate the solution with dilute standard K^Fe(CN)^ 
solution (prepared by dissolving 3*24 g. of the pure salt in water 
and then making up to 200 c.c.; 10 c.c. of this solution is again 
diluted, at the time of titration, to 250 ex..), stirring with a glass 
rod to ensure complete removal of the adherent solids from the 
bottom of the beaker. The titration is complete when the further 
addition of K^Fe(CN)j ceases to cause a change in the colour of 
the solution. 


N.B . — The titrated liquid is pale yellow in colour if iron is 
entirely absent, but the presence of very small amounts of iron 
will affect the final colour, and may make the detection of the 
end point almost impossible ; for this leason, the greatest care must 
be taken with regard to the washing procedure, cleanliness of the 
beakers, etc., as described before. 

Since i c.c. of the dilute standard K^Fe(CN). solution =0*20 
ragm. of zinc, the total amount of zinc present in the amount of the 
material taken for determination can be calculated. 

N.B . — The results of this method of determination of zinc are 
not affected by any metal except bismuth (exceeding 2*0 mgm.5 and 
cadmium (^alyst, Vol, 61, 1936). 

Lately a more accurate method has been worked out by the 
Analytical Methods Committee (Sylvester being a member of this 
Committee) and described in detail in the Analyst, p. 304, Vol. 73, 
1948. The presence of 5 mgm. of Bi per kilo does not interfere 
witli extraction by this method. 

2. Silver Nitrate 

Silver nitrate or lunar caustic acts as an astringent and 
corrosive poison. Poisoning by AgNO^ is comparatively 
rare in comparison with its extensive use in the arts and 
industries and also in medicine. 

Extraction of Silver Nitrate. — Silver will 1:^ found 
in the acid solution after destruction of the organic matter 
by the HNO3 F HoSO^ method (p. 421) as silver sulphate 
and nitrate but some may be found in the insoluble residue 
as silver chloride (chlorine from the normal tissue of food). 

Tests for Silver 

(0 To the acid solution add HCl or a soluble chloride — 
a white curdy precipitate of AgCl which gradually blackens 
on exposure to light. AgCI is soluble in excess of ammonium 
hydrate or sodium thiosulphate solution and also on boiling 
with concentrated H3SO4 but insoluble in HNO^. 
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(«) Potassium chromate (KaCrO^) gives a red preci- 
pitate of AgjCrOj with a neuti^ soluuon of a silver saltt 
msolubic in cold acetic acid but readily soluble in mineral 
acids, Tlierefore* no precipitation takes place in presence of 
mineral acids, 

(in) Ammonium hydrate gives a greyish precipitate of 
AgaO which is soluble in excess of ammonia. If ammonia 
is not added very carefully to a dilute solution the precipitate 
is not observed. 

{iv) Add a little solid hexamethylenc tetraminc (hexa- 
mine) to a drop of a neutral solution of a silver salt on a 
microscope slide — monoclinic plates or needles are found 
under the microscope. 

Quantitative Determination of Silver. — The best way of isola* 
tion of silver from the tissues and other materials is by ashing the 
materials at a dull red heat in a platinum capsule. Weigh out 
the material, acidify with strong nitric add, dry and ash. Leach 
the ash with hot water to extract all soluble silver salts. Filter 
and leach the residue with ammonium hydrate which dissolves the 
chloride and phosphate of silver. Filter and digest the residue with 
hot concentrated nitric add to dissolve the metallic silver, if any. 
Filter. Combine the three filtrates and alkalinize wnth ammonia. 
Add HCl and precipitate the silver as AgCI. Proceed as with the 
gravimetric method of determination of chlorides described on p. 442 , 

« o obtain the weight of silver multiply the weight of AgQ by 0 7527. 



CHAPTER XXXIV 


Vclatile Organic Poiions and Volatile Alkaloids : 
Hydrocyanic Acid and Cyanides. Ethyl and Methyl 
Alcohols. Chloral Hydrate. Chloroform. Kerosene.. 
Aniline* Nicotine. Non-Volatile Alkaloids. Mor- 
phine. Strychnine. Atropine. Aconitines. Cocaine. 

I. VOLATILE ORGANIC POISONS 

The volatile organic poisons are responsible for quite 
a large number of fatalities which the toxicologists are 
required to deal with. Those poisons which are fairly 
common in this country have been discussed in these pages. 

1* Hydrocyanic Acid and Cyanides 

Hydrocyanic acid is a most powerful poison but it is not 
accessible to all. Cyanides of sodium and potassium are also 
highly poisonous but are at the same time easily accessible on 
account of their extensive use in various industries. The 
ferro' and ferri<yanides are positively non-toxic, for with 
the dilute HCl of the gastric juice at oody temperature they 
yield only traces of HCN which are readily (dealt with by 
the system. Certain plants, vegetables and fruits containing 
cyanophoric glucosides, e.g., the ordinary bamboo sh<x>t 
(used as a vegetable), linseed flower, small jowar plant or 
millet (Sorghum vulgare)f bitter almond, the skin of cassava 
or stmul mu (Kiamhot utilissima)f and certain oil seeds and 
beans are highly poisonous on account of the case with which 
their glucosides are rapidly hydrolyzed in the stomach and 
free HCN is liberated in toxic doses and thus cause fatal 
poisoning of men and cattle in most parts of India. Quite a 
large number of cattle die every year by grazing in linseed 
and jowar fields due to inadvertence of their keepers. 

Hydrocyanic acid is readily absorbed from the respira^ 
tory tract and from all mucous surfaces, e.g., from the 
stomach, rectum, vagina, etc., and also from the intact sldn. 
A portion of the poison absorbed into the system is excreted 
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unchanged through the lungs and it ist therefore^ necessary to 
send one of the lungs along with other viscera for detection 
of this poison; a portion is excreted in the urine in the form 
of sulphocyanidcs and some of it is likely to be found in 
viscera and stomach contents as formates, for HCN is very 
readily hydrolyzed to ammonium formate. 

The reaction of stomach contents in HCN poisoning 
is always acid if no antidotes were administered, while in the 
case of poisoning by NaCN or KCN, it is strongly alkaline 
due to Hydrolysis of cyanides: KCN 4 ^ KOH + HCN. 
Alkali cyanides, if exposed to air, are readily converted into 
carbonates by the action of CO^ and moisture of air (see 
p. 238). Old samples of these cyanides may, therefore, 
contain quite a considerable amount of carbonates and only a 
small amount of cyanides. Hence suicidal attempts by taking 
large doses of such cyanides have been known to be 
unsuccessful and one of such cases was investigated in the 
Chemical Examiner's laboratory, Calcutta. In cases of 
poisoning by KCN, corrosions of stomach wall due to the 
action of KOH and K2CO3 are frequently found. 

Extraction of HCN — In poisoning by HCN, free 
HCN may not always be detected in the organs sent for 
analysis due to the following reasons: (^i) A portion of it 
combines with sulphur from decomposing proteins and is 
transformed into sulphocyanates, (b) a portion combines 
with the aldehyde group of glucose normally present in blood 
and other tissues, (c) a portion is hydrolyzed and converted 
into ammonium formate and (d) tne remaining portion is 
lost by actual dissipation of the volatile acid from the tissues. 
These conditions are, however, of rare occurrence and are 
only possible if death is caused by the minimum fatal dose 
of HCN and the materials are collected from highly decom^ 
posed cadavers. In actual practice, however, it has been 
detected fairly readily in decomposed bodies exhumed even 
after several months. 

Tests for HCN 

(i) Preliminary Tests ivith Test Papers . — Take a small 
portion of the material in a flask and acidify with urtaric 
aci 4 * Close with a tightly fitting cork whose lower end is 
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provided with a slit into which is inserted one of the test 
papers for detection of HCN. Now heat the flask on the . 
water bath, HCN, if present, will impart a blue or bluish 
green colour to these papers. The following test papers 
have been found very useful in detecting even minute traces 
of free HCN : — 

(a) Guaiacufti'^Copper sulphate Paper . — Prepare by 
wetting strips of filter paper first with a 10 per cent alcoholic 
soiution of guaiacum and then in a 01 per cent aqueous 
solution of CuSO^ and allow to dry. 

(b) Benzidme-Copper acetate Paper . — Mix 25 c.c. of one 
per cent, benzidine acetate solution (prepared by heating 
2-3 grms of pure benzidine acetate in 100 c.c. of water for 
10 — 15 minutes at 80 ‘"C with constant stirring and then filter-- 
ing, the clear solution being approximately i per cent) and 
2 c.c. of 3 per cent cupric acetate solution, stir well arid dip 
the strips of filter paper in the mixture for one minute and 
allow to dry. N.B. The mixed reagent ivill not keep more 
than 15 minutes, and the papers must be used immeduitely 
after they are dry. 

(c) Congo red — Stiver nitrate Paper . — Dip strips of 
filter paper in 005 per cent Congo red solution for one 
minute and thoroughly dry. Dip again in 15 per cent 
AgNO., solution and dry as rapialy as possible in a dark 
place. 

N.B. The reaction of the first two test papers depends 
on the formation of ozone and production of a blue compound 
wilh guaia^.iim or benzidine: 

1 2 HCN -f 9C uSO^ 4-31120 = 3CU (CN)^ 4- 3CU 2 (CN ) . + 9! LSO^ 4- O3 
These tests are not specific for HCN. They indicate also the 
presence of NH3, HCl, HNO3, Cl, Br, H.Oa, etc. The 
negative result is, therefore, important as it rules out com- 
pletely HCN and the soluble cyanides. 

(n) Silver Nitrate Test . — Proceed as with test papers 
but instead of closing the flask with a cork, invert carefully 
Ion the mouth of the flask a microscope slide with a small 
drop of AgNOj solution on it. Gently heat the flask on Ac 
wat^r baA if necessary# when HCN gas produces a wfutc 
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turbidity in the AgNOj solution. Examine under the 
microscope — beautiful needle shaped crystals of AgCN will 
be fouiui 

(in) Prussian Blue Test . — Mince the material finely^ 
mix with V5 times of H3O. acidulate with tartaric acid, and 
distil. CoDect a few c.c. of the distillate in a receiver con- 
taining some 5 per cent KOH solution, care being taken in 
keeping the condenser and receiver cool by ice water* and 
in dipping the outlet of the condenser under KOH solu- 
tion in the receiver. Take 2-3 c.c. of the alkaline distillate 
and proceed as described in p* 237 (Chapter XIX). 

N,B. Too much HCl retards the formation of Prussian 
blue. The optimum concentration of HCl should be about 
0*5 normal. In concentrated HCl, Prussian blue dissolves 
and gives a yellow colour. **The Prussian blue formation 
does not depend upon a simple instantaneous ionic reaction. 
It is a time reaction which is retarded or prevented by 
excess of ferric and other ions*' (Vorlander). In an 
apparently negative reaction, if the test tube is kept over- 
night a nocculent precipitate of Prussian blue may settle at 
the bottom. 

The following reactions take place during the process 
of formation of Prussian blue; 

FeSO,-f2KCN = Fe(CN), 4 -K,SO* 

Fe(CN),-f4KCN == K,Fe(CN). 

3K*Fe(CN),-4-4FeCI. =. Fe,[Fe(CN),].-M2KCI 

(it;) Sulphocyanate Test . — To about 3-5 c.c. of the 
alkaline distillate, add about i c.c. of yellow ammonium 
sulphide solution. Evaporate the mixture almost to dryness 
on a water bath. Dissolve the residue in a little water and 
acidify with dilute HCl or HNO,. Warm and filter 
dirough double filter paper and repeat the filtration several 
times till the filtrate is clear. Add a few drops of very 
dilute FcClg or ferric alum solution — 2 reddish to blood red 
colour, due to formation of ferric sulpho-cyanatc, Fe(CNS)8* 
devek^s according to the concentration of HCN. The red 
colour" is discharged by mercuric chloride solution. 

(o) Voiintan's Nitroprusside test . — ^To about yK cc* 
of^the distillate, add a sm^ ctystal ot a few drops of a fmhly 
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prepared potassium nitrite solution, and 2^4 drops of FcClg 
solution and sufficient dilute H^SO^ to impart to the mixture 
a bright yellow colour. Heat it to boiling, allow to cool and 
add dilute ammonia to precipitate the excess of iron, and 
filter. Add to the filtrate a few drops of very dilute 
ammonium sulphide solution — a violet colour appears which 
gradually changes to blue, green and then to yellow. This 
rest is due to the formation of potassium nitro-prusside 
K^fFelNOKCN) Hydrocyanic acid, if present, in very 
small amounts, gives a bluish green to greenish yellow colour. 

Quantitative I>etermination 

(a) Grav^meinc. — Weigh out a |X)rtion of the material iii a 
distilling flask, acidify with tartaric acid and distil with steam as 
descril>ed in p. 7, the distillate being received in a conical flask con- 
taining about 20 c.c. of 10 ]XT cent AgNO^ solution acidified with 
HNO^. Continue the distillation till white precipitate of AgCN 
is formed in the receiving solution. Filter through a tared filter 
pawr, wash the residue with water till the washing is free from 
AgNOj^. ' Dry the filter wdth residue at 100 °C to a constant weight. 
The difference in weight between the filter paper plus residue and 
the 'Original w'clght of the filter paper gives the amount of AgCN 
formtHi from HCN present in the quantitv of the material taken for 
estimation. Mnltiply this weight by the factor 0*2018 to obtain 
the amount of HCN. or by o*.^96 to obtain the amount of KCN ; or 
incinerate the dry filter with .AgCN in a tared crucible and weigh. 
The weight of silver thus' obtained multiplied by the factor 0*2505 
gives the weight of fICN. 

(fi) Volumetric [Volhard's Method ). — Collect the distillate in 
a receiver containing N/io KOH solution. Add drop by drop with 
constant shaking, a known excess of N/io silver nitrate solution, 
acidify with HNO,, shake vigorously for a few minutes. Dilute up 
to a definite volume in a measuring flask and filter through a dry 
filter. Take an aliquot portion and titrate w-ith N / 10 KCNS solu- 
tion using ferric alum as an indicator which forms the reddiPh 
brown ferric thiocyanate. The amount of N/io .AgNO, added 
minus the amount of N/jo KCNS required for titration represents 
the amount of AgNO, taken up by the c\^ide. Each c.c. of N/io 
AgNOj is equivalent to 0*0027 g. of HCN or 0*00651 g. of KCN, 

2. Alcohol, Ethyl Alcohol 

Intoxication due to excessive drinking proves fatal in 
many cases and such fatalities appear to be fairly common. 
Apart from fatal cases, cases or drunkenness are al^ of 
.medicolegal importance. Purves^Stewart gives the following 
definition of drunkenness: *A drunken person is one who 
has taken alcohol in sufficient quantity to poison the central 

30 
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nervous system producing a temporary disorder of the facul- 
ties so as to render him unable to execute the occupation m 
which he was engaged at the time, thereby causing danger 
to himself or to others’*. 

It has been proved that the toxic effects of alcohol 
depend largely upon its concentration in the blood, brain 
and other organs. As alcohol is absorbed very quickly and 
diffuses quite rapidly throughout the system, its concentration 
m the blood, cerebrospinal fluid, and other tissues of the 
body IS practically the same at any particular moment after 
Its absorption. The concentration of alcohol in the blood 
attains a maximum value about 1 ^ hours after drinking and 
falls at the rate of about 12 mgms. per hour per 100 g. 
of blood. Its elimination through the urine bears a definite 
relation to its concentration in the blood. It has been found 
that the ratio of alcohol in the untie to alcohol in the blood is 
surprisingly constant and is of the order of i 35 one hour 
after its consumption. 

An approximate correlation between the results of blood 
and urine analysis and the degree of drunkenness has been 
worked out by different workers in the West and is as 
follows : — 

So ragms and downwards per 

jooc.c. of blood — No indication of intoxication. 

160 nigms. fXT 100 c.c. of blood — Most ca.ses show signs of 

moderate intoxication e,g.. 
mental confusion diminution of 
control, disorders of coordixia- 
tion, etc. 

200 mgms per 100 c c. of bf<KxJ — Intoxication well marked with 

psychical and spf*ech disorders 
and unsteady gait. 

350 mgms. and upwards per — 

100 c.c. of blood — to stand or walk, 
stupor * icoma with fatal result. 

200 mgms. per too 4.c. of the 

\irine — Mocjfrate intoxication. 

360 rngm.s. per 100 c.c. of the ^ 

urine — Definite drunkenness as deseno- 
# above. 

The above figures indicate that Quantitative determination 
alcohol in the blood or in the urine is of great medicolegal 
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importance in cases of suspected alcoholism. In fatal eases 
of poisoning by alcohol any post mortem material will reveal 
the presence or alcohol. 

Extraction of Alcohol — The material finely minced 
IS mixed with sufficient water to give a consisteticy of gruel, 
acidified with tartaric acid and subnutted to ordinary distilla- 
tion of steam distillation — the tip of the condenser being 
dipped in a little distilled water in the receiver. With this 
distilate the following tests are earned out : 

Tests for Alcohol 

(i) Iodoform Test (for crystab of iodoform sec Fig. 45) 
umd (n) Ethyl acetate Test.— See tests for Ethyl Alcoh^ 
on page 89 (Chapt. VIII). 

(in) Ethyl Benzoate Test-Shake a few ex. of the 
distillate with a drop or 
t>yo of benzoyl chloride 
and then add drop by 
drop 10 per cent 
NaOH solution to render 
the mixture strongly 
alkaline. On warming, 
the irritating odour of 
benzoyl chloride dis- 
appears and the sweet 
fruity odour of ethyl 
benzoate appears. Methyl 
alcohol also gives th s 
test but it does not give 
the iodoform test. 

Fig. 45 

(iv) Sulphomolybdu: Acui Test, — Prepare sulpHo- 

vwlybdic acid reaeen^ by dissolving by heat onfe gram of 
molybdic acid in aboaf 25 c.c. of concentrated H.SO,. Take 
about 2 c.c. of this hot reagent in a test tube and layer 2-3 c.c, 
of the dbtillate on the top of the reagent — a deep blue nng 
appears at once at the junction of the two liquids. On 
shaking* the whole mixture becomes deep blue. 

N.B. This test is very ji^itive and u negative with 
acetone, acetaldehyde and dilute solution of r^tethyl dct^iol. 
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Strong solution of methyl alcohol gives only a light blue 
colouration after several minutes. 


Quantitative Oetermination of Alcohol 

There are several methods (physical and chemical) for the deter- 
mination ot alcohol but Southgate' s senu-micro method is the best 
and is not open to the objections and fallacies |>ointed out in other 
methcxls. Besides, it lias the advantage of being used with a small 
amount of the material {1-2 c.c.) and is therefore applicable to castes 
under the Traffic Acts in which 1-2 c.c. of blood or urine is taken 
from the person charged of drunkenness, 

Weigh out afiout 100 grams of finely minced visceni or stomach 
contents in a distilling flask. Mix with plenty of water to give it a 
consistency of gruel, acidify with tartaric acid and distil with steam 
— the condenser and the receiver being kept cool with ice water and 
the outlet of the condenser being dipped in a little water in tht* 
receiver. Continue the distillation until about i c c. is obtained for 
each gram of the material taken. As interfering substances such 
as acetone Ixidies, aldehydes, etc,, are likely to l>e present in tlv- 
distillate, add to it 5 c.c. of 10 per cent NaCill and 3 c.c. of lo pe- 
cent AgNOj solutions and distil again (steam di.stillation not 
necessary this time). Measure carefully the total amount of thi" 
distillate and pipette off accurately (with a calibrated pijx'tte) just 
2 c.c. tor actual determination. 


Take in the inner tube of the apparatus (Fig. 46) 10 c.c. of 
N/10 jxitassium dichroraate solution and 10 c.c. of concentrated 

H,S()^ and in the outer tube 2 c.c. 
of the di.stillatc. Connect the differ- 
ent j 3 arts of tne apparatus and start 
the air current and then irr.mcnw" 
the apparatus in the trough of water 
maintaii\ed at 80'’ C. The alcohol 
volatilizes and is carried by the 
current of air through the KjCr,0, 
and mixture where it is 

tiroken up into fine bubbles by the 
sinter-gbiss plate and is completely 
absorbed and oxidized. Continue the 
passage of air cuircnt for about an 
hour Or until the material is com- 
pletely evaporated. Transfer the 
dichromatt ^^lution carefully into a 
litre conical flask, wash the appara- 
tus several times with copious water 
so that the final volume may be 
about 400-500 c.c. Now add 5 cx. 
of a freshly prepared 0*4 N solution 
pjrr 46 of KI (51*2 g. per litre) and a few 

^ drops of I per cent starch solution. 

Titrate the mixture with N / lo sexhum thiosulphate solution (freshly 
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standardized) until the deep blue colour just disappears and a pale 
green colour of CrJSO^), appears. From the number of c.c. of 
thiosulphate required for titration, the amount of alcohol is 
calculated. 


The difference tx^tween the amount of N/ro KXrjO. taken and 
the amount of N/io Na.S.Oj used is the amount of dichromate (Xj 


reduce<l by alcohol. As each c.c. 
I 15 mgTpi. of alcohol, the concei 
(mgm. per icx) c.c.j is, therefore. 

As this apparatus is expensi\ 
by a simple arrangement as 
shown in Fig. 47. In this 
simplified apparatus the current 
of air should be slower to pre- 
vent splashing, and the time 
required for oxidation of alcohol 
should be correspondingly 
lunger. 

For elimination of the inter- 
fering . volatile substances such 
as aldehydes, ketones, phenols 


of N / 10 KXrjOy is equivalent to 
itration of alcohol in the distillate 
X X I ' 1 3 X 50 mgm , 

e and delicate, it may be replaced 



and acids from the blood or p. 

urine, a tlxird tube charged with 

10 c.c. of saturated HgCL solution and 10 c.c. of saturated NaUH 
-solution may be interposed between the tube containing the material 
for ex.amination and the tube containing the dichromate mixture. 

M B. As alcohol and these interfering substances are known to 
be normally present to the extent of about ii mgms. per 100 c.c. of 
IiIckkI (Bagchi and Gangnli) in Indians this normal value may, there- 
fore, be deducted from the result obtained in samples of blood or 
urine and the extra tube for puriheation by treatment with alkaline 
nK'rcuric oxide may be omitted. 


The following analytical results show the amount of 
^thy! alcohol found in various post-mortem materials in a 
case of fatal poisoning by alcohol received from the American 
Army Hospital, Calcutta : — 


Urine ... ... 4315 mgms. per 100 c.c. 

Heart blood ... ... 3680 „ ♦, 

Cerebrospinal fluid . . 333'5 

5 tomach contents ... ... 3995 »» »» .» 


3. Methyl Alcohol 

Poisoning by methyl alcohol has, until recently, been 
unknown in this country. Cases of fatal poisoning by bazar 
methybted spirit are known but they are actually cases of 
poisoning by ethyl alcohol since methyl alcohol or wood 
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sptnc is not used in India in denaturing spirit for domestic 
use (sec p. 86). 

Drinking methyl alcohol is definitely harmful to the cycr 
and doses as low as 15 c.c. (about half an ounce) have been 
known to cause optical atrophy and blindness. Lar^e doses 
prove faul; lately, the stomach contents of a soldier who 
died in an American Military Hospital near Calcutta gave 
6‘6 p>er cent of methyl alcohol and no ethyl alcohol. 

The diagnosis of methyl alcohol poisoning should be 
made, dunng life, by the examination of the urine for formic 
acid, while after death, both formic acid and piethyl alcohoF 
may be present in the blood and other tissues of the body. 
As the kidneys normally eliminate o 251 gram of formic acicT 
in 24 hours (Autenrieth). a quantitative analysis of the 
urine for formic acid (sec below) is essentia! before any 
opinion is pven in cases of poisoning (non-fatal) by methyf 
alcohol. Tne peater toxicity of methyl alcohol is due to 
the difficulty of its oxidation and to the production of form' 
aldehyde and formic acid in the tissues. Its elimination 
IS also slow; a large dose of methyl alcohol requires more 
than a week for ebmination. It shows cumulative effects. 

Extraction and Detection — Distil the material as in 
ethyl alcohol and submit the distillate to various tests as 
described under methyl alcohol (see pp. yS'So). 

l>etectioit of Metbyl Alcohol in presence of [EthyJ Alcohol 

Take 5 c.c. of the distillate, add 2 c.c. of a solution of 
KMnO< in HjPO^ (prepared by dissolving 3 g. of KMnO, 
in a mixture of 15 cx. of syrupy phosphoric acid and 70 c.c- 
of water and then making up to 100 c.c.); set aside for 
10 minutes and add 2 c.c. of 5 per cent sofiition of oxalic 
and sulphuric acids (prepared by dissolving 5 g. of oxalic 
acid in a cooled mixture of equal volumes of cone, HjSO, 
and water); to the colourless solution add 5 c.c. of Schiff’s 
reagent (prepared according to B.P, method), and set aside 
for 10 minutes; a pink coJoux is produced if methyl alcohol 
is present (B.P, 1932). 
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OMntitative Determination of Methyl Alcohol 

The steam distillation is continued till complete recovery of 
the alcohol, either pure methyl alcohol or methyl mixed with ethyl 
alcohol, is effected. Transfer 10 c.c. of the distillate to a 25 cx. 
volumetric flask and add i cx. of 5 per cent ethyl alcohol, .^dd 
I c.c. of I per cent KMnO^. solution amd then i c.c, of phosphoric 
iurid solution (prepared by diluting 25 c.c. of 85 per cent phosphoric 
acid with water to 100 c c.). Allow the mixture to stand for i hour 
with occasional shaking. Add i cx. of 5 f>er cent oxalic acid 
solution.' When the mixture is colourless, add 2 c.c. of H^SO^ solu- 
tion (prepared by diluting 30 c.c. cone. H^SO^ with water to 100 
c.c ). Then add 5 c.c. of Schiff's reagent (see p. 80). Mix by 
inverting the flask. After 3 hours compare in a colorimeter against 
a standard treated exactly m the same way at the safiie time. 

This method i^^ quite satisfact/')ry for a concentration varying 
^rom I mg. to 2-5 mg. of methyl alcohol per 10 c.c. (100-250 parts 
per million). It is therefore desirable to arrange quantitative 
determinations within this range, although as little as 0 05 mg. m 
JO c.c. (5 parts for million) may be detected qualitatively by this 
method. 

Qvatitititive Determination of Formic Acid 

The determination is leased on the reduction of KMnO^ solu- 
tion in the presence of an alkaline carbonate. The steam distillation 
is continued for several hours to separate the formic acid from the 
urine or from other materials. Take an aliquot part (100 c.c.) of 
the distillate and reader it distinctly alkaline with sodium carbonate, 
warm and add an excess of N/io KMnO, solution and keep it warm 
tor 5 minutes. Acidify with sulphuric acid, add a measure volume 
of N/jo oxalic acid solution, suflScient to dissolve all the precipitate 
of manganese hydroxide and react with the unreduced permanganate 
solution. Titrate the excess of oxalic acid with N/io KMnO^ solu- 
tion. Also titrate the same volume of N/io oxalic acid as used in 
the test a blank. The difference between the amount of KMnO^ 
used in the blank and the amount used in the actual determination 
is e(juivalent to the amount of N/io KMnO< solution required to 
oxidise the formic acid. One c.c. of N/io KMnO^- =0.002301 gm. 
of formic acid. 

4. Chloral Hydrate 

Poisoning by chloral hydrate has lately been of frequent 
occurrence in Calcutta. The victims are usually the public 
women addicted to drinking. The drug is administereef with 
beer for purposes of robbing. 

Chloral hydrate is rapidly and completely decomposed 
into chloroform and a formate oy an alkali. During the putre- 
factive processes the tissues become alkaline in reaction and 
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any chloral hydrate retained there undergoes the same 
chemical changes and is thus lost for purposes of detection. 
It may* however, be recovered in some cases if the tissues 
arc only slightly alkaline. 

In all cases of poisoning by chloral hydrate (fatal or 
non-fatal), it is excreted in the urine mostly as urochloralic 
aetd (trichloroethyhglycuronic acid) and partly as unchanged 
chloral. The detection of urochloralic acid in the urine is. 
therefore, the most reliable method for diagnosis of chloral 
hydrate poisoning, particularly in view of the fact that fresh 
samples of urine undergoing no ammoniacal decomposition 
axe rarely available for examination. 

The urine in chloral hydrate poisoning reduces Fehling’s 
solution but is distinguished from glycosunc unne by it^ 
distinct Ixvorotatory property. 

Extraction of Chloral Hydrate. — Take the unne or 
the finely minced tissue in a distilling flask and add about 
half Its weight of 20 per cent solution of H3PO4 and steam 
distil. To the distillate apply the following tests for chloral: 

Tests for Chloral Hydrate 

(0 Phenyl Isocyamde Test . — See p. v 67. This test is 
also given by chloroform, bromal, bromoform, iodoform, 
trichloracetic acid, etc. 

(it) Resorcin Test . — To 2-3 c.c. of the distillate add a 
pinch of resorcinol (about 01 g.) and i c.c. of 15 per cent 
NaOH solution and heat to boiling, a yellowish red to red 
colour. This test is also given by chloroform and other 
compounds. 

(fit) Naphthol Test . — Dissolve about half a gram of 
alpha- or beta- naphthol in strong NaOH solution (33 per 
cent), add to it about 2 c.c. of the distillate and heat, a fine 
blue or bluish ^cen colour appears which changes to greenish 
brown on keeping. If the blue liquid is acidified a pink to 
brick-red coloured precipitate is produced. This test is also 
given by chloroform and other compounds, 

(iV) Pyridine Test . — Mix 2 c.c. of pyridine with 2 c.c. 
of NaOH solution (10 per cent), heat to boiling and then 
add 1-2 c.c. of the distillate, a pink or deep red colour is 
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produced. This test is very delicate but is positive with 
chloroform and other compounds. 

(v) Reduction Test , — To 2-3 c.c. of the distillate add 
I c.c. of ammoniacal silver solution and gently heat, 
a shining mirror of metallic silver is formed. In the case of 
chloroform no mirror is formed but on boiling blackening 
takes place. 

{in) Nessler Test , — To 2^3 c.c. of the distillate add a 
few drops of Nessler's solution, a yellow to reddish brown 
precipitate which turns grey or black. With chloroform no 
such preciptUite is formed. 

(vtt) Phloroglucinoi Test , — To i c.c. of the distillate 
add 4 drops of a saturated solution of phloroglucinoi and 
1 c.c. of 20 per cent Na2C03 solution and allow to stand. 
After about half an hour, a pinkish violet colour appears 
which changes to orange, red and deep red. If very small 
cjuantities of chloral are present, the colour change proceeds 
up to the stage of orange. Chloroform does not give this 
test, it shows only a slight violet colouration, but aldehydes 
give a reddish colour which may, however, be distinguished 
by the Schiff's reagent. 

Detection of Urochloralic Acid 

Evaporate the whole amount of urine available for 
analysis to a syrupy consistency on a water bath. Acidify 
with dilute H^SO^ and extract several times with an alcohol 
and ether (1:3) mixture. Draw off the alcohohether layer 
and distil off the solvent. Neutralize the residue with KOH 
and evaporate to dryness. Extract the dry residue by boiling 
with 90 per cent alcohol, filter and precipitate the potassium 
urochloralate by the addition of ether. Filter off the chlo- 
ralate and wash with ether and alcohol. Again boil with 
absolute alcohol and filter hot. Dissolve it in a little water 
and acidify with dilute HCl. Shake out this solution with 
an ether-alcohol (8:1) mixture and draw off the solvent. 
Distil off the solvent and treat the residue with moist 
silver oxide until no more chloride precipitates. Filter off 
the AgCl and remove the excess of silver from the filtrate 
by means of H3S. Filter and evaporate to a syrup and 
allow to stand overnight when free urochloralic acid 
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separates out in the form of silky needle'shapcd crystals 
(m.p. 142'Q. 

On refluxing the?e crystals with 7% HCl for 2-3 hours, the acid 
IS hj^rolyzed into glycuronic acid and trichloroethyl alcohol. If 
this mixture is distilled, glycuronic acid gives furfural which is 
identified by its producing an intense red colour with a solution of 
aniline acetate. 

QBantiUtive Determination of Chloral Hydrate 

The steam distillation as descrit)ed under extraction is continuer 
for 18' 20 hours to ensure complete recoverA^ of chloral hydrate. 
Render the distillate distinctly alkaline with alcoholic KOH solution 
and reflux for 5'6 hours (which converts chloral into KCl and 
potassium formate: 

CCl,.CHO -f 5KOH = 3KXI -f 2H.COOK + 211 , 0 . 

Q)ncentrate the mixture on the wafer bath. Acidify with dilute 
HNO, and add excess of AgNO, solution to precipitate the chloride 
as AgCI. Filter, wash, dry and weigh the AgCl in the usual way 
of gravimetric analysis. Multiply the weight of AgCl by the factor 
0-3845 and the result would give the amount of chloral hydrate 
originally present in the quantity of the material taken for 
estimation. 

S« Chloroform 

Poisoning by chloroform takes place mostly from its 
inhalation and occasionally from ingestion by mouth. It is 
excreted mainly through the lungs and only small amounts 
escape in the urine, perspiration and milk. For detection of 
chloroform the organs of special value arc the brajn, lungs, 
irver and the stomach. 

As chloroform is one of the products of decomposition 
of chloral hydrate, its presence in the tissues indicates 
poisoning cither by chloroform or by chloral. It is, there- 
fore, essential to find out the reaction of the material before 
proceeding with the extraction of CHCI3 from the materials 
received for analysis. If the reaction is neutral or acid, the 
presence of chloroform is, ipso facto, due to poisoning by 
chloroform and not by chloral hydrate, but if the reaction 
IS alkaline which favours the decomposition of chloral into 
chloroform and formates, the possinility of poisoning by 
chlor^ hydrate has to be ruled out before one gives his 
opinion iii favour of chloroform poisoning, and for this 
purpose a special examination should be made for detection 
of formates. 
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Extraction and Teat* —Acidify the material ancf 
dbti! in steam. To the distillate apply the tests described 
under chloral hydrate (p. 472). In the case of chloraf 
hydrate poisoning, the tests for both CHCl^ and CCl,CHO 
may be positive but in chloroform poisoning the tests for 
chloral must be negative. 

Ooaatitativc Determination of Chloroform 

Take 100 grains of the finely minced material in a distilling' 
flask, add 450 cx. of alcohol and 25 c.c. of 5 per cent alcoholic 
tartaric acid solution and distil on a water bath. The outlet of the 
condenser is fitted up with an adapter the end of which is below the 
surface of about 10 c.c. of alcohol taken in the receiver. Collect 
only 200 c.c. of the distillate which would contain the whole amount 
of CHClj present originally in the material. Transfer the distillate 
to a conical flask, add 10 c.c. of 10 per cent alcoholic NaOH solu- 
tion and reflux for 1-2 hours. Cool, neutralize with HjSO* using 
phenol phthalein as an indicator, add 0-5 c.c. of a 5 percent aqueous 
solution of potassium chromate and titrate the chlorides with N/io* 
AgNO^ solution. Each c.c. of N/10 AgNO, is equivalent to 2 mgms. 
of chloroform and 2^8 mgms. of chloral hydrate. 

6. Paraffins — Kerosene 

Poisoning by ingestion of kerosene is not uncommon and 
even cases of fatal poisoning, mostly accidental or suicidab 
arc also known. Workers exposed to vapours of kerosene 
suffer from chronic poisoning by inhalation and those 
re<juired to handle petrol or kerosene in petroleum and" 
aUied industries suffer from acute skin lesions due to the 
irritant action of the hydrocarbons, particularly those con- 
taining higher percentage of sulphur compounds. 

The stomach and its contents should be selected for 
examination if poisoning be caused by ingestion, while the 
lungs, brain and other organs would reveaJ the presence of 
kqgosene if death is due to inhalation. 

Extraction of Kerosene — Distil the material with 
steam. Add excess of benzene to the distillate. Shake ancT 
separate the benzene layer in the usual way. Evaporate the 
solvent on a water bath and test the residue for kerosene. 

Tests. — Produces grease spot on paper, possesses a 
characteristic smell and is not saponifiable by alcoholic 
potash. If the quantity isolated is sufficient, its boiling 
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point (150'' — 300 ""C) and other physical properties may 
oe detemined. 

Quantitative Determination 

Alter evaporation of the solvent as described above, the reJ>idue 
may be weighed and the weight thus obtained represents the amount 
of the paralfm in the known amount of tlie material taken lor 
examination. 

7« Aniline and its Derivatives 

Aniline and its derivatives are used extensively in various 
industrial processes and they gam access to the body through 
the lungs, skin and the mouth. Fatal poisoning by aniline 
has not been reported in this country but fatalities from the 
absorption of aiuline derivatives through the skin are on 
record. The latest fatal case was one from Kiddcrporc 
Dock (1939) where two coolies happened to sprinkle para^ 
nitraniline over their body and m about three hours Doth 
-of them became unconscious and one of them died of 
aniline poisoning on the third day. The use of aniline 
dyes in the inner sole of shoes and boots and in clothes has 
been the source of aniline poisoning in other countries. 

Aniline^ produces meth^emoglobin in blood andt there- 
fore, reduces the capacity of blood to retain oxygen. In 
aniline poisoning the amount of available oxygen is reduced 
to 5 — 10 volumes instead of 15 — 20 of normal blood. 

It is partly changed in the human system to aniline 
black. At the height of aniline poisoning, '*bluc black 
granules may be seen in every drop of blood and also in the 
urine.'* Aniline is oxidized in the tissues to p-aminophenol 
which combines mostly with sulphuric acid to form 
p-aminophenyl sulphuric acid HO.SO.^.O.CeH^.NH.^, and 
partly conjugated with glycuronic acid. The former sub- 
sequently combines with alkalies and is eliminated through 
the kidneys as an alkali salt. The urine in aniline poison- 
ing has normally a very dark colour and reduces Fchling's 
solution (due to presence of conjugated glycuronic acid). 

Extraction of Aniline- — As aniline is a base, the 
material suspected to contain aniline should be rendered 
strongly alkaline and distilled with steam. Alkalinizc the 
distilktc with NaOH and shake out with ether, separate 
the ether layer and evaporate ether on a water bath when 
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brownish drops of aniline, if present in excess, will fomrt 
the residue* Dissolve residue in water and test the solution 
for aniline. 

Tests for Aniline 

(i) Dichromate Test, — Take a little of the original 
residue (before being dissolved in water) in a porcelain 
basirr, add 5 or 6 drops of cone. HjSO^ and one drop of 
saturated solution of KsCr^O,, in a few minutes the edge of 
the mixture begins to show a pure blue colour. Add a few 
drops of water — the whole becomes uniformly blue. 

(it) Phenyl Isocyantde Test. — See chloral hydrate ancf 
chloroform (p. 472). 

(in) Hypochlortte Test. — Add a few drops of sodium 
hypochlorite or freshly prepared solution of bleaching powder 
to the solution, when a purple or violet-blue colour will 
appear which changes to reddish brown or dirty red. Add 
a few drops of a dilute aqueous solution of phenol contain- 
ing some ammonia to the violet or dirty red solution, a 
blue colour appears (Indophenol reaction). 

(iv) Add a few drops of bromine water to the solu- 
tion — a flesh coloured precipitate of tribromaniline separates, 

8 0 * 

QuantitatU^ Determination of Aniline 

AniliDe may be estimated volumetrically by the following modi- 
I'lcation of the bromate-bromide method : Take 25 c.c. of the distillate 
(coiitnining approximately o-ci M solution of aniline or less) in a 
stopfK'red flask, add 25 c.c. of N/io potassium bromate solution, 
0-5 g. of KBr and 5 to 10 c.c. of 4N sulphuric acid. Stopper the 
flask and allow to stand for 5-10 minutes. Add i g. of KT and 
titrate with N/io sodium thiosulphate solution, stirring thoroughly 
during titnition, Add a few drops of i per cent starch solution 
towards the end of the titration and a few c.c. of chloroform whichr 
pi^vents the ab.sorption of .some iodine by tribromaniline. One c-C. 
of N/io bromate is equivalent to 0*001555 g- of aniline. 

Aniline may also be estimated by direct titration with standard 
bromine solution using indigo carmine as the indicator. The indi- 
cator becomes colourless with an excess of bromine (Kolthoff <S: 
FunnaHi), 

n. VOLATILE ALKALOIDS 

The volatile alkaloids do not contain any oxygen in their 
molecule and are mostly liquid with characteristic odours^ 
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Thcv are strongly alkaline in reaction and arc readily 
distilled without undergoing any change during distillation. 

Nicotine and coniine axe two liquid volatile alkaloids 
of toxicological importance. Poisoning by coniine has so 
far not been reported in this country but poisoning by 
tobacco (nicotine) is occasionally met with although fatal 
cases are comparatively few. Infanticide by tobacco leaf 
introduced into the mouth of a new born baby is not 
uncommon in some parts of Indu. 

Nicotine, CioNi4N3 

Nicotinct the most toxic alkaloid of tobacco Ntcotutna 
tabacum (N.O. Solanaceae), is found in all parts of the 
tobacco plant but particularly in the leaf, which contains as 
much as 6 per cent of the alkaloid, in combination with 
prialic and citric acids. It is an oily colourless liquid, soon 
turning yellow and brown on exposure to air and in course 
of time becoming resinous. It is freely soluble in water, 
alcohol, ether, petroleum ether, amyl alcohol benzene and 
chloroform. Aqueous and alcoholic solutions of nicotine 
are alkaline to litmus but not to phenolphthalein. It is 
lacvoroiatory but its salts arc dextrorotatory. It is a strong 
diacid base and is a denvative of both pyndinc and pyrro- 
lidine with the chemical name of /)'-pyndyl-a-n-mcthyl- 
pyrrolidine. On oxidation with K^Cr^O^, KMnO^ or 
HNO3 it IS converted into nicotinic acicL 

It IS the most important ingredient of horticultural 
insecticides used in killing insects infesting plants. The 
^'Hookah-watcr'l which contains varying proportions of 
nicotine, is used in this country for the same purpose. 
Commercial nicotine used in manufacturing insecticides is 
frequently adulterated with ammonia and pyridine, and ais 
such Its nicotine concentration varies from 30 to 95 per cciit. 

The nicotine content of different forms of tobacco used 
in smoking varies considerably. Pipe tobacco contains 0*5 
to 0*8, cigars 0 8 to 2-9 and cigarettes ro to 2 9 per cent 
of nicotine. It has been calculated that the nicotine in the 
puffed smoke from a cigarette averages to 5 mg. for each 
Cigarette. If the smoking of cigarettes is contini^ for one 
hour the maximum amount of nicotine retained in the 
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body IS calculated as 36 mg. per hour in inhaling aiwi 
27 5 mg. m puffing (Webster). The tobacco smoke con- 
tains, besides nicotine, other compounds such as CO^, CO, 
HCN, H.S, and pyridine. A man smoking continuously 
for an hour may have his haemoglobin saturated with 10 to 
20 per cent of CO. The minimum fatal dose of nicotine 
IS belifeved to be 60 mg. 

Extraction of Nicotine. — If nicotine or tobacco is 
swallowed, it is found in appreciable quantities in stomach 
contents and in the urine and to a smaller extent in most 
of the internal organs. The extraction is earned out m the 
following way : 

Mix a portion of the material (except urine and stomach 
wash) with excess of water and render it strongly alkalirw^ 
with NaOH solution and distil in steam collecting the 
distillate in 5 — 10 c.c. of 10 per cent HCl. Alkalinize the 
distillate and extract with ether. Evaporate the extract to 
dryness at room temperature. The residue may now be 
tested for nicotine, first, by general alkaloidal reagents 
to establish the presence of an alkaloid and then by its 
specific tests to establish the identity of the alkaloid. This 
is in fact the usual procedure for detection of all alkaloids. 

General Tests for Alkaloids 

The following general alkaloidal reagents are commonly 
employed in toxicological analysis for detection of alkaloids : 

(1) Mayer's reagent (Potassium mercunc iodide). — 
Prepared by dissolving i’357 g. of HgCh and 5 g. of KI 
m ICO c.c. of water (N/io solution). It gives a white or 
yellowish precipitate with acid solutions of most alkaloids, 
li^ ^he presence of acetic acid or alcohol, it does not act 
saHsfactorily. 

Half of this strength, i.e., 0 678 g. of HgCL and 2 5 g. 
of KI in ICO c.c. of water (N/20 solution) may also be usei 

(2) Dragendorff's reagent or Kraut's reagent (Potas- 
sium bismuthous iodide). — Prepared by dissolving 80 g. of 
bismuth subnitratc in 200 c.c. of cone. HNO^ and pourii^ 
this solution slowly and with constant stirring intb a con- 
centrated solution of KI (272 g. KI in about 250 c.c. of 
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water) and then filtering after 24 hours and making up to 
one litre with distilled water. 

The original method of Kraut is to dissolve the 
subnitratc in 200 c.c. of dilute nitric acid (sp. gr, i 18 i.e. 
30 per cent HNO3) and then adding this solution to Kf 
solution in the usual way» when KNO3 crystallizes out. 
The clear solution is decanted off after several days and 
then made up to one litre. 

The reagent acts best in the presence of sulphuric acid 
and gives an orange coloured precipitate but does not act 
m the presence of ether or amyl alcohol. 

(3) ^^'agner^s reagent (lodo potassium iodide solution). 
Prepared by dissolving 5 g. of iodine and 10 g. of KI in 
TOO c.c. of water. It gives a brown precipitate and acts 
best in the presence of HCl. 

(4) Siltcotungsttc Acid (SiOj.i zWoOv^HO). — This 
acid or its sodium salt in 10 per cent aqueous solution is 
a very delicate alkaloidal reagent particularly for nicotine. 
It gives a white precipitate. 

(5) Sonnenschein^s reagent (Phosphomolybdic acid). — 
Prepared by acidifying a warm solution of Na^HPO^ with 
HNO, and adding an excess of ammonium molybdate solu' 
tion. The yellow precipitate is separated, washed with 
water, acidified with HNO, and dissolved in a hot solution 
of NajCOj. The solution is evaporated to dryness and 
ignited at low red heat till all the ammonium salts are 
volatilized. The residue is moistened with HNO, and again 
ignited. This product, sodium phosphomolybdate. is dis- 
solved in 10 times its weight of a mixture of i volume of 
strong HNO, (sp. gr. 142) with 9 volumes of water. 

It acts best in the presence of sulphuric acid and gives 
a yellow precipitate which may turn greenish or bluish tin 
keeping due to reduction of molybdid acid to molybdic oxide- 

(6) Phosphotungstic Acid , — Prepared by dissolving 
100 g, of sodium tungstate and 70 g. of Na^HPO* in 
500 C.C. of water and acidifying the solution with HNO,. 

{7) Pienc Acid , — A saturated aqueous solution of 
pti;nc acid is used as an alkaloidal reagent. It gives a yellow 
cfystalline predpitate. 
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(8) Chloroplatimc Acvd, — A* 5 per cent solution of 
chloroplatinic acid (platinic chloride) is used as an alkaloidal 
reagent which gives a yellow crystalline precipitate* 

{9) Mercunc Chlonde . — A five per cent solution is used* 

(10) Marme's Reagent — consists of 3 gnas* of cadmium 
iodide, 6 gms. of K I in 18 c.c* of water. 

N.B. It may be noted here that these so-called 
alkaloidal reagents do not produce precipitates exclusively 
with alkaloidal salts but also with various other substances 
such as proteins, albumoses, peptones, creatinine, and the 
purine bases such as caffeine, adenine, guanine, xanthine^ 
and hypo-xanthine. Most of these reagents also give preci" 
pitates with ammonia and its simple derivatives, such as the 
amines, etc. This is the reason why they are also called 
reagents for **n\trogen bases/* 

Teats for Nicotine 

(i) Alkaloidal Reagent. — The following tests may 
be conveniently carried out on a microscope slide : 

(a) Mayer*s reagent, — Add a drop of it to the acid 
solution — a yellowish white amorphous precipitate is formed 
at once which becomes resinous afterwards. 

(b) Dragendorff*s reagent. — Add a drop of it to the 
solution acidulated with sulphuric aad — an orange coloured 
amorphous precipitate is formed at once. 

(c) Phosphomolybdu: Acid. — It gives a yellowish white 
amorphous precipitate in acid solution. 

(d) Silicotungstic Add or Potassium silicotungsUite . — 

It is a sensitive reagent for nicotine. Take a drop of the 
distillate on a slide, acidit/ with HCl, and add a drop of the 
acjucous solution of silicotungstic acid a white precipitate 
fSr cloudiness is produced. , 

(ii) Crystallization tests.— Take a drop of nicotine 
on a slide and add a drop of cone. HCl and allow to 
evaporate over cone. H^SO^ in a desiccator for some time — - 
an amorphous varnish-like deposit appears which changes 
to a crystalline mass. This test differentiates nicotine from 
coniine which gives at once a crystalline precipitate instead 
of the vamish-lijce mass. 

31 
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liii) RoutsinU Teit^ — To an ethereal solution of 
nicotine (i : ioo)» add some ethereal solution of iodine — 
a brownish-red amorphous precipitate is formed which, after 
standing for some hours, changes to a crystalline mass of 
ruby-red needle-shaped crystals known as “Roussin's 
crystals”. With more dilute solutions, the amorphous stage 
of the precipitate may be absent. 

N.B. With old specimens of nicotine, which have become 
resinous, these crystals are obtained, if at all, with difficulty, 

(iv) Paradimethylaminobenzaldehyde Test, Dis- 
solve a pinch of this reagent in a drop of cone. HCl on a 
watch glass and add from the side a drop of the aqueous 
solution of nicotine, a rose-red colour develops immediately 
at the surface of contact, then changes to violet red and sub- 
scquently the entire liquid becomes violet red. The red 
colour gradually intensifies and persists for several hours. 

Coniine and pyridine do not give this reaction while 
aniline yields a red colour and a preapitate of red needles. 

(v) SchindelmeiscrU Teit. — To the residue add a 
drop of ^0% formaldehyde solution (free from formic acid), 
and then a drop of cone. HoSO^ or HNO3, the mixture 
becomes rosc-red. If the nicotine and formalin be allowed 
to stand for several hours, a solid compound is formed, 
which gives a more pronounced rose- red colour on the addi- 
t on of HNO3. Formalin must not be in excess, otherwise 
the solution becomes green after some time. 

This test is not given by coniine, pyridine, aniline or 
piperidine. 

(vi) Biological Test.— If i c.c. of a dilute aqueous 
solution of nicotine (i ; 1000) is injected into the dorsal 
lymphsac of a frog, it assumes in 5-10 minutes the following 
position: The itorclcgs are pressed backward against tht* 
sides of the body, the hind legs are drawn up with Ac 
thighs fixed at right angles to the body and the feet resting 
-upon the back. The respiration is first accelerated and Acn 
becomes slow. Slight muscular spasms in Ac hind legs mav 
occur. With larger doses, a severe clonic spasm of the body 
takes place and is followed by fixation of Ac legs as 
<Jefcribcd above and finally by general muscular relaxation* 
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Quantitative Determination of Nicotine 

Weigh out the minced tissue or measure the stomach -contents 
and take in a distilling flask, add sufhcient water to render it gruel- 
like in consistency and make it strongly alkaline with caustic soda. 
Distil in steam and collect the distillate in a flask containing 15 to 
20 c.c. of 10 per cent HCl and continue the distillation till no 
opalescence ia produced with the last few drops when tested with 
silicotungstic acid. Take an aliquot portion of the distillate, add 
some 10 per cent HCl (about 4 c.c. for each 100 c.c. of the Uquid 
taken) and then add a slight excess of a 10 per cent silicotungstic 
-acid solution. Mix and allow to stand overnight or, if necessary, 
for 24 hours. Filter the crystalline precipitate, wash thoroughly 
with water acidulated w ith HCl until the filtrate, becomes free from 
silicotungstic acid when tested with a drop of the original dis- 
tillate containing nicotine. Dry and incinerate the precipitate in 
a platinum crucible. The w'eight of the incinerated residue minus 
the weight of tlje ash of the filter paper g^ives the amount of 
silicotungstic anhydride (12 WoOj.SiOj). The amount of nicotine 
in the aliquot portion will be obtained by multiplying the weight 
of the anhydride by the factor 0-114. 


III. NON^VOLATlLE ALKALOIDS 

Opium Alkaloids 

The history of opium is very interesting. It is believed 
that the poppy (Papaver sommferum L.) from which opium 
is obtained, was first cultivated in Asia Minor for its seeds 
(for oil) and for the medicinal properties of its fruits 
(poppy capsules). The Greeks first extract^ opium (Gk* 
cpwn) from the capsules and discovered its poisonous pro-* 
perty (Nicander, 185'' 135 B.C., and Pliny, 70 A.D.). The 
Arabs further studied its medicinal value and helped to 
propagate this knowledge to Persia, India and China. The 
Sanskrit name of opium (Ahtfen) and the Chinese name 
(Ya-pien) have been derived from its Persian name 
iAfy^un). It was not known to the ancient Egyptians nor 
is there any reference to ahifen in ancient Sanskrit literature. 

Opium 

It is the air-dried milky exudation or latex obtained 
by incising the unripe capsules (see Fig. 48) of PapO' 
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ver somniferum L* which is cultivated mostly in Asia Minor*. 
Persia* India and China and to a smaller extent in Greece, 
Belgium, etc., in Europe. The Indian 
opium was formerly known as Patna 
opium on account of the fact that the 
major portion of it used to be manu- 
factured in the Government factory at 
Patna. The cultivation of Papaver somnu 
jerum and the manufacture of opium by 
the Government of India have been con- 
siderably curtailed in recent times in 
accordance with the decision of the League 
of Nations, and the annual output from 
the Government Opium Factory at 
Ghazipur near Benares has been reduced 
to about 1,000.000 lbs. per annum from 
about 7,000.000 lbs. 50 years ago. The 
Benares opium, as it is called now, is a mixture of opium 
obtained from Central India and from the districts of 
Benares, Ghazipur, Lucknow. Azamgarh. etc., in the U.P, 
Their morphine contents vary from 7 to 14 per cent,, but 
the mixture is standardized in the Government Opium 
Factory to contain about 10 per cent of morphine. The 
total alkaloids of this opium usually go up to 40 per cent 
in which codeine is present to the extent of 1.8 and 
narcotine 6.4 per cent (Rakshit). This Indian opium 
differs from opium from other countries by having por- 
phyroxine, an alkaloid, the composition of which has been 
worked out by Rakshit and found to be 

The alkaloids of opium do not exist, in common with 
the alkaloids of other plants, as free bases but in combination 
with adds, the most important of which is meconic acid, the 
other adds being the acetic, lactic, and sulphuric adds. The 
presence of morphine along with mcconic acid in any material 
in a suspected case of poisoning is, therefore, an indication 
of opium poisoning. 

Opium poisoning, mostly suiddal and rarely homicidal. 
is fairly common in the Punjab and in Bengal, About 35 
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per cent of cases of fatal poisoning investigated in the 
Chemical Examiner's Department in Bengal in 1939 were 
due to opium. In the Punjab* the percentage ^quently 
exceeds 40; it was 42 per cent in 1939. 

1. Morphine, Cj^HjeNO^, (OH) (OH) 

Morphine is very easily oxidized by KMnO^ and other 
mild oxidizing agents to various derivatives which do not 
respond to most of the tests for morphine. In opium poison^ 
ing. the usual treatment of washing the stomach with KMnO^ 
solution converts morphine into non-'toxic pseudomorphine 
or oxydimorphine (zCj^HjgNOa + O == Cg^HagN.O, + H.O). 
The solubility of morphine in various solvents varies very 
much. For example* i gram of morphine requires for solu- 
tion 3340 c.c. of water, 6250 c.c. of ether, 1220 c.c. of chloro- 
form, 210 c.c. of alcohol, 125 c.c. of amyl alcohol, and 100 c.c. 
of lime-water at 25 “"C, 1075 of boiling water, 98 c.c. of 
boiling alcohol and 50 c.c. of hot amyl alcohol. It is insoluble 
in benzene. 

Morphine is precipitated from its acid solution by 
ammonia and alkali hydroxides and also by carbonates and 
bicarbonates, but the precipitate dissolves readily in excess, 
on NaOH, KOH or Ca(OH)o to form soluble morphinates, 
but nor by ammonia and alkali carbonates: 

C„ H,,NO(OH) (011) + NaOH =C,, H^.NOfOH) (ONa) + H,0 
It is, however, rcprecipitated from alkaline solutions by 
ammonium salts : * 

C,, H,.NO(OH) (ONa) -f- NH^Cl 

= C,,H„NO(OH) (OH) +NaCl-fN"H, 

Extraction of Morphine and other Components 
of Opium. — As morphine and meconic acid are two 
important constituents of opium and as both of them have 
got very reliable chemical tests, the presence of these two 
constituents is a positive evidence of opium poisoning and 
attempts should made to isolate them as completely as 
possible and establish their identity in the extracted mate- 
rial. PoTphyTozinCf which is also a characteristic com- 
ponent or Indian opium and which may be extracted along 
with morphine, affords an additional evidence for the 
presence or opium. 
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As morphine is excreted mostly by the kidneys, the 
urine forms an important material ror its extraction. The 
best materials for extraction of mcconic acid arc, however, 
the stomach and its contents although it is found in the liver 
and other organs. 

Procedure. — Take about 200 grams of the finely minced 
viscera or the stomach contents and submit them to the Stas^ 
Otto method of extraction as described on page 427, and 
proceed up to the stage (c). The acid aqueous solution 
contains meconic acid and the alkaloids. Take a portion 
of this acid solution (the remaining portion being set 
apart for alkaloids) and treat it with a slight excess 
of 10 per cent basic lead acetate solution — a precipitate 
of lead meconate is formed. Heat on a water bath for 
5 minutes and allow to settle. Filter. Wash the precis 
pitate on the filter with warm distilled water. Suspend 
the washed precipitate in about 10 cc. of water and 
saturate the suspension with HjS, lead sulphide is pre-* 
cipitated and free mcconic acid is liberated. Remove the 
lead sulphide by fiTtration. Concentrate the filtrate to a 
small bulk so that all traces of HjS disappear and filter 
€gain. Test the filtrate for meconic add (see p. 489). 

Take the remaining portion of the acid solution and 
render it alkaline with ammonia and then extract with ether 
instead of choloroform as described under (d) on p. 428; the 
ether extract will contain th^ alkaloid porphyroxine 
C19H33NO4. Evaporate the extract to dryness and test for 
porphyroxine (p. 489). 

TTie alkaline solution is now ready for extraction 
of morphine either by amyl alcohol or by chloroform^ether 
mixture (3:1) as in (e). Extract 3 or 4 times. Evaporate 
the combined extracts to dryness and purify the residue 
(particularly of the amyl alcohol extract) by the following 
method : 

Dissolve the residue in hot amyl alcohol, mix the solu" 
tion with hot water acidulated with sulphuric acid and shake 
the mixture for a few minutes. The acidulated water t^cs 
up morphine while the colouring matter and other impurities 
are retained by amyl alcohoL Separate the acid aqueous 
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solution and repeat the process 2 or 3 times. Render the 
combined acid extracts alkaline with ammonia and extract 
the alkaline solution with warm chloroform-ether mixture 
(3:1) several times. Evaporate the combined extracts to 
dryness. The morphine thus obtained is in a much purer 
statfe and is quite suitable for confirmatory tests or for the 
determination of its quantity. 

Tests for Morphine 

(1) Marquis' Test. — Add a small drop of this reagent 
(with the point of a glass rod) to the dry residue in a porce^ 
lain capsule, a beautiful purple colour is produced which 
changes to violet and finally to blue. 

Marquis' reagent is prepared by adding 3 drops of 
formalin {40 per cent formaldehyde solution) to 3 c.c. of cone, 
sulphuric acid. ^ 

Heroine gives similar colour reactions with this reagent 
while codeine gives an initial blue colour and not the purple. 

(li) Mecke's Test. — Add a drop of Mecke's reagent to 
the residue in the same way as in Marquis’ test. It gives a 
blue colour changing to bluish green and olive green. 

Mecke's reagent is prepared by dissolving i g. "bf 
selenious acid in 200 g. of pure cone, sulphuric acid. 

Both codeine and heroine also give similar colour 
changes. 

(iii) Ferric Chloride Test. — Dissolve the residue in very 
dilute HCl and evaporate this solution to dryness on the 
water bath. Dissolve this residue in a few drops of dis< 
tilled water and add a drop or two of dilute neutral ferric 
chloride solution — a blue colour develops at once. 

This test may be simplified by adding a drop of dilute 
ferric chloride solution to the dry residue on a porcelain 
capsule, when a blue colour appears. 

The phenolic OH group present in morphine accounts 
for this reaction. This test is given by oxydimo^hine but 
not by codeine and heroine which are, thus distinguished from 
morphine. As a specific test for morphine, it is the least 
delicate of the tests employed for its detection. 
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(iv) Iodic Acid TesL — Dissolve the residue in a few 
drops of dilute sulphuric acid and add to it a few drops of 
pure iodic acid (HIO,) or KIO^ solution (free from KI) 
and some chloroform and shake, HIOj is reduced and free 
iodine is liberated which imparts a reddish violet colour to 
chloroform. This test shows the reducing action of morphine. 
Other alkaloids such as hydrastine and some ptomaines 
possessing such reducing action also give this test. But 
codeine and heroine do not respond to this test. 

(v) Husenwnn's Test.— To the solid residue add 2 or 
3 drops of conc*^^ sulphuric acid and heat on the water bath 
for 30 minutes or over a small Same for a few minutes until 
white fumes appear, a reddish or reddish brown or black 
colour apfiears. Cool and add a drop or two of cone. 
HNO3 or a crystal of KNO3 — a reddish violet colour 
appears which immediately changes to blood^rcd and then 
to reddish yellow and finally fades away. 

This test depends upon the conversion of morphine into 
apomorphine and as such it is given by apomorphine. It is 
also given by codeine and some derivatives of morphine such 
as oxydimorphine, heroine, dionine. etc. 

(vi) Potassium Ferncyamde Test . — Dissolve the re^ 
sidue in a few drops of a very dilute solution of HCl (N/ioo) 
and evaporate to dryness and dissolve it again in a few drops 
of water. Add to it a drop or two of a dilute solution of 
K3 Fc(CN)* and the same amount of a dilute solution of 
FcClj — a deep blue (Prussian blue) colour develops at once. 

In this reaction, morphine reduces K3Fc(CN)« to 
K^Fe(CN)e which produces Prussian blue with FeCl^, 
morphine being oxidized to dioxymorphinc. Codeine and 
heroine do not give this test. 

(vii) Oliver^ s Test . — Dissolve the residue in a few 
drops of dilute HCl, add a few drops of hydrogen peroxide 
and introduce a small piece of clean copper wire into the 
solution. Render the solution alkaline with ammonia and 
when the resulting effervescence ceases, the solution is 
found to assume a pink or winc^red colour. If the quantity 
of morphine is very small, the solution becomes blue due 
to the copper. Aad a little KCN solution which will 



quantitative determination of morphine 489 

<lcstroy the blue colour and restore the pink colour due to 
morphine. 

Codeine and heroine do not give this test. 

(viii) Froehde's Molybdtc Test . — Add to the residue 
one Of two drops of Froehde's reagent (prepared by dis- 
solving o.i g. of sodium or ammonium molybdate in 10 c.c. 
of concw heating gently if necessary; the solution 

should DC colourless), a violet colour is produced which 
changes to blue, green and finally to pink or rose-red. The 
colours disappear on dilution with water. The reagent 

should be freshly prepared. 

Heroine gives similar colour reactions but codeine does 

not. 

Testa for Porphyroxine 

(i) With Mayer’s and other alkaloidal reagents it 
gives a positive test, (n) To the residue obtained by 

evaporating the alkaline ether extract, add a few drops of 
dilute HCl and warm — a beautiful pink or rose-red colour 
develops. 

Test for Meconic Acid 

To the filtrate obtained after separation of lead sul- 
phide and expulsion of HjS, add a few drops of dilute 
neutral ferric chloride solution — a blood red colour 

develops which is not discharged by boiling nor by add- 

ing a slight excess of HCl (distinction from acetates and 
formates), nor by mercuric chloride solution (distinction 
from thiocyanates). The colour is, however, discharged by 
the addition of stannous chloride but returns on adding 
nitrous acid. 

Quantitative Octcrmlnation of Morphine 

Morphine is easily oxidized and this is the reason whv in many 
known cases of acute poisoning "it has not been detected by com- 
petent chemists in viscera even when the examination was started 
soon after death. But why such a state of things obtains in one 
case and not in another is beyond our knowledge." In any case 
the poBSibJlity of loss of morphine specially in the decomposed body 
is very great and the amount obtained by usual methods of quanti- 
tative determination gives only the approximate figure (Webster). 

Weigh out about 200 g. of the minced material and submit it 
’to the Stas-Otto method of extraction. Evaporate to dryness the 
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)UTified chloroforra-ethcr or amyl alcohol extract. Purify the tesid^ 

IS described beiore. Ihssolve the purified residue m a 

>f N/io sulphuric acid and titrate wi^ ^ ^ f ^ ^ 

ising methyl red as indicator. Each c.c. of N / lo H*SO* combined 

\*ith the morphine represents 0-02852 g. of anhydrous morphme or 

ipproximately 0*2852 g. of opium. From this result the a«iou»t M 
norphine or opium as grams per kilo or grains per pound may be 
^culated. 


HEROINE (HEROIN) AND CODEINE 

Codeine is the natural alkaloid of opium while heroine 
or diacetyl-morphine is the synthetic derivative of morplm^ 
obtained by its acetylation, the H atoms of both the OH 
groups being replaced by acetyl radical. 

Fatal cases of poisomng by codeine or heroine are com' 
paratively rare in this country. Non-fatal accidental cases 
are occasionally met with. 

2. Heroine, Heroin, Ci^HuNOfO.OC.CHj). 

It is readily hydrolyzed by heating with water or with 
dilute acids but specially with NaOH solution to morphine 
and acetic acid : 


C„H.,N 0 ( 9 .C 0 .CH,).+.H, 0 = (OH)+aCH..COOH 

This deacetylation takes place mostly in the system and not 
in the stomach and as such in fatal cases of poisoning a 
portion of heroine may be recovered from the tissue as 
morphine during extraction by the StaS'Otto meth^- 
From the stomach contents it may be recovered prapti; 
cally fully as heroine. To prevent its hydrolysis by alkali, 
the material for extraction by the Stas-Otto process should 
be made only faintly alkaline with sodium carbonate and 
extracted at once with the suitable solvent. Heating above 
5o°C is to be avoided during the whole process of extraction. 

Heroine is very readily soluble in chlorofom. One 
gram is dissolved by 1.4 c.c. of CHCl,, 31 c.c. ^ 

and 100 c.c. of ether at 2fC. It is also readily soluble tn 

benzene (cf. morphine).. 
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Extraction of Heroine — Extract by the Stas-Otto- 
process using a suitable alkali for precipitation and 
chloroform as the solvent. The different stages of extraction 
are the same as in morphine (see). 

Tests for Heroine 

The difficulties in obtaining the typical colour reac^ 
tions as stated under codeine are also met with in 
detecting heroine. There is another difficulty and that is 
the readiness with which it is hydrolyzed to morphine and 
acetic acid when heated with water, acids, or caustic alkalies. 
For this reason heroine responds to all the tests for morphine 
in which cone, sulphuric acid is used, e.g., in Marquis^ 
Mecke, Husemann, Froehde and other tests. 

The Ferric Chloride, Iodic Acid, and other tests which 
distinguish codeine from morphine are, therefore, applic-' 
able to heroine. The following additional tests may abo 
be depended upon: 

(1) Zer ink's Test . — To the residue add a few drops of 
cone. HNO3 (sp. gr. 14 = 60 per cent) and rub with a 
glass rod — a yellow colour is produced which soon changes^ 
on warming to a greenish blue colour and gradually fades 
again to yellow. 

(2) Heat the residue with sulphuric acid and add a 
little chloral hydrate solution — a brownish red colour 
appears. 

(3) Heat heroine (about o*i g.) with i c.c. of alcohol 
and I c.c, of cone, sulphuric acid — the odour of ethyl acetate 
is recognized. This test is only successful if sufficient 
amount of heroine is available, for instance, in identifying 
suspected substances found on the person of the deceased, 
or in connection with examination of drugs under the 
Dangerous Drugs Act, or for identification of the contents^ 
of unlabelled poison bottles. 

3. Codeine, C,3H,,N03, C,,H,,N 0 { 0 H) (O.CHJ 

Chemically it is methyl morphine, the hydrogen atom 
of the phenolic OH group of morphine being replaced hy 
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the methyl radicaL Codeine is very readily soluble in 
chloroform* One gram of codeine is dissolved by 0.5 c«c. 
of chloroform, 2 c.c* of alcohol, 13 c.c. of benzene, and 18 c.c, 
of ether at 25 It is also soluble in amyl alcohol* It 
diners from other cdkaloids by its high solubility in water 
(1 in 120J, and in ammonuL In this respect it diners from 
morphine which dissolves tn caustic alkalies but not m 
ammonia. On account of this property it is not preci- 
pitated by ammonia but only by caustic alkalies and alkaline 
carbonates. 

Extraction of Codeine — Same as in Heroine. 

Tests for Codeine 

The tests for codeine, heroine and morphine as 
described under morphine show the typical colour changes 
only where pure alkaloids are tested but on account of 
the presence of impurities invariably found with these 
alkaloids when they are extracted in minute quantities 
from post-mortem materials and when further purification 
is not feasible on account of the total loss of alkaloids, the 
characteristic colour reactions as described in text books are 
seldom obtained. For this reason as many tests as possible 
are to be applied to the residue. The tests which distinguish 
morphine from icodeine or heroine by slight differences in 
colour reactions should not be depended upon in expressing 
a definite opinion one way or the other. 

The Ferric Chloride, Iodic Acid, Potassium Ferricyanide, 
Froehde’s and Oliver’s tests, which are all negative with 
codeine, are useful to distinguish it from morphine. Since 
morphine is soluble in excess of caustic alkalies and codeine 
is not, the latter can be completely extracted by ether from 
an aqueous alkaline solution. This property lends 
an additional support to the confirmatory tests for codeine* 

4. Strychnine, 

Strychnine is the most toxic alkaloid of Nux Vomica 
{Strychnos nux vomica L,) which grows wild in most parts 
of India and particularly in Orissa. Strychnine and another 
alkaloid brucine- occur principally in the seeds of Strychnos 
tiux vomica and Strychnos ignatii and in the root bark 
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of Strychnos tieute the deadly upas tree known 
as African a r ro w 


poison. Fig. 49 
shows the flower, 
fruit and the seed of 
Strychnos nux vomu 
CO, The bark of 
Strychnos toxtfera is 
the common source 
of South American 
arrow poison curare 
(curarine) which 
produces motor pita- 
lysis. The nux 
vomica seeds are 
known as Kuchtla 
which is used in the 
indigenous systems 
of medicine as also 
for criminal pur- 



Fig. 49 


poses. The other alkaloid brucine is not of any medicolegal 


importance. 


Strychnine is intensely bitter, much more than any other 
known substance. It is precipitated from its solution by 
ammonia and other alkali hydroxides and carbonates and is 
not soluble in excess of these reagents. It is readily soluble 
in chloroform. One gram is dissolved by 5 c.c. of CHCI3, 
136 c.c, of alcohol or 180 c.c. of benzene at 25 °C, or by 34 c.c. 
of boiling alcohol. It is slightly soluble in ether. 


Extraction of Strychnine. — As strychnine is elimi- 
nated mostly through the urine, the latter, if available, should 
be examined separately and particularly for the determination 
of its quantity. 

The material should be submitted to the Stas-Otto pro- 
cess, using ammonia for alkalinization and chloroform for 
extraction. In cases of poisoning by nux vomica (Kuchila) 
both strychnine and brucine are extracted together and as 
the presence of brucine interferes with the tests for strychnine 
it is essential to separate strychnine from brucine. 
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Separation of Strychnine from Brucine . — ^Dissolve the 
chlorororm residue containing strychnine and brucine ^n 
about 2 cx. of dilute sulphuric add, add 2 drops of cone. 
HNO, and allow to stand for 30^60 minutes at i5“^2o‘‘C, 
Alkalinize strongly with NaOH solution md extract sevcial 
times with chloroform. Wash and evaporate the combined 
chloroform extracts to dryness — the residue is free from 
brucine and is thus fit for the usual tests for strychnine. 

Test* for Strychnine 

(1) Dichratnate Test , — To the brucincTree residue on 
a white porcelain surface, add a drop of pure cone. H2SO4 
— no colouration is noticed. Take a crystal of KaCr^Oy 
and draw it by means of a glass rod through the sulphuric 
acid — a play of colours will be observed, first a momentary 
blue changing to a beautiful voilet colour which pradually 
changes to reddish purple, red or orange and finally to 
yellow. In the presence of very small qualities of strych" 
nine, the play of colours is very rapid while with larger 
quantities the violet tint persists for some time before it 
cnanges to other colours. 

In the presence of impurities, the drop of cone. H2SO4 
when added to the residue may cause slight darkening which, 
however, docs not interfere with the test excepting the 
detection of the initial transient blue colour which is, how- 
-ever, not an important phase of this colour reaction. 

Instead of using KoCr.OT, other oxidizing substances, 
such as manganese dioxide, cerium oxide, KMnO^, vanadic 
acid, etc., may be used successfully. Neither mtnc acid nor 
any mtrate should, however, be used as they interfere uhth 
or even prevent tfiis test. For this reason strychnine nitrate 
may not give this test. 

(it) Mandelin*s Test . — ^To the brucinc-'frec residue add 
a drop of Mandelin's reagent (one per cent solution of 
ammonium vanadate in cone. HjSO^) — a deep violct-'bluc 
or deep purple colour appears, which is more permanent 
than with dichromatc test, and finally changes to yellow on 
long standing. 

(tit) Mal^uin's Test . — Dissolve the residue in a few 
dix^ of dilute HCl, add 2 c,c. of cone. HCI and about one 
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:gram of pure granulated zinc. Allow to stand for 2-3 minutes, 
-heat quickly to boiling and cool. Transfer to a small test 
tube and add gently down the side of the test tube some 
cone. HaSO^— a rose-red ring will develop at the junction 
of the two liquids and subsequently the whole mixture 
becomes rose-red. This colour is destroyed by adding a 
solution of potassium thiocyanate or ammonia or NaHSO^ 
in excess. 

(iV) Physwlogtcal Tests for Strychnine.— {a) The 
bitterness of strychnine is more intense and more persistent 
than that of any 'other alkaloid or any other known substance. 
If a drop of a dilute solution of a strychnine salt is applied to 
the tongue, is appears to spread out rapidly all over the buccal 
cavity. The bitterness of a solution of a concentration of 
I in 600,000 may be perceived by one who is particularly 
sensitive to bitter taste. The absence of bitter taste of the 
residue %s a definite proof that strychnine is not present. 

(b) Dissolve the residue in a few drops of dilute 
fN/ioo) HCl. Evaporate this solution to dryness and dis- 
solve the residue in 5 or 6 drops of water. Inject this 
solution with a hypodermic syringe into the dorsal or ventral 
lymph sac of a healthy frog and place it under a bell jar. 
Toxic symptoms which develop in about 5 — 30 minutes, 
depending upon the quantity of strychnine injected, are as 
follows: — The hind legs become extended and stiff with 
tetanic spasms or convulsions of the whole body at frequent 
intervals. During the remission, the hind legs remain flexed. 
Later on the convulsions become more frequent and the hind- 
legs are kept extended and stiff and the front legs are 
crossed. Slight tapping on the table or gently touching the 
animal with cotton wool produces convulsions. Finally, the 
convulsions are replaced by gentle tremors which persist for 
some time and then the animal dies. It is stated that 0 02 
to 005 mg. of strychnine is the minimal dose to produce 
convulsions in a medium-sized frog, but it appears to be 
much less in our experience. 

tjuantltfttivt DatanBinatioi of Strycliaine 

Dissolve the residue (after destruction of brucine) in a known 
-quantity eft N/ 10 TIjSO* solution. Titrate the excess of add with 
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N/50 NaOH solution, using methyl red as an indicator. Each cx. of 
N/io H,SO^ combining with strychnine corresponds to 0 03343 g- of 
strychnine. 

5. Brucine, 

Poisoning by brucine is not known and can not be 
traced in the literature. In experimental animals it produces 
convulsions but the dose necessary to give rise to such con^ 
dition is 40 — 50 times more than that for strychnine. On 
the other hand its curare-like (paralysis) action is much 
stronger. ' ^ 

As Kuchila (nux-vomica seed) has frequently been the 
cause of poisoning in this country, it is essential to detect 
the presence of brucine in order to prove a case of nux- 
vomica poisoning in contradistinction to strychnine alone. 

Tests for Brucine 

(0 IS! line Add Test . — To the chloroform residue 
(see p. 494) containing both brucine and strychnine, add a 
drop of cone. HNO3, a blood-red colour appears which 
changes to reddish yeUow and finally to pure yellow. Add 
a few drops of dilute stannous chloride solution to the 
reddish yellow or yellow solution, an intense purple colour 
develops which is destroyed by adding a drop of cone. 
HNO,. To carry out this test successfully, it is desirable 
to add the smallest quantity of HNO, at the initial stage 
of the test 

(it) BlytWs Test , — Dissolve the residue in alcohol and 
add a few drops of methyl iodide— in a few minutes crystals 
of methyl brucine iodide appear as rosettes. An alcoholic 
solution of strychnine gives no such crystals. 

6., Atropine, 

The alkaloid atropine is obtained along with hyoscya" 
mine and a few other alkaloids from sever^ plants belong- 
ing to the Natural Order Solanace^e, T*he important 
members of this group are Atropa belladonna. Datura 
stramonium, Datura fastuosa, and Hyoscyamus niger. Of 
these, Datura fastuosa is of special toxicolppcal value on 
accoimt of its extensive criminal use in this country* It 
grows all over India and its seeds arc fairly rich in these 
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alkaloids. The powdered seeds are used by professional 
poisoners for purposes of robbery and theft usually in rail^ 



way trains and places of pilgrimage» and very seldom for 
any homicidal purpose. Fig. 50 shows the flower and fruit 
of D. fastuosa var. alba — the common white flowered 
datura. 

It has been suggested that the alkaloid atropine does not 
occur in more than traces in solanaceous plants and that 
during the process of extraction the hhyoscyamine originally 
present in the plant is converted into dhhyoscyamine or 
atropine (Henry). The conversion of hyoscyamine (laevo^ 
rotatory) into atropine (racemic) may be effected in the 
laboratory simply by heating it to its melting point or by 
treatment with alkalies. Atropine is, therefore, stereo- 
isomeric with hyoscyamine. 

Atropine is a complex ester of tropic acid and is readily 
hydrolyzed by warming with alkalies, dilute acids, or by 
boiling with water, into tropine, C^Hj^ON, a basic secondary 
alcohol, and tropic acid, a homologue of mandelic 

acid, as shown in the following equation: 

CuH»NO, + H,0 -f 


32 
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Tropinc is optically inactive but tropic acid is optically active 
and IS capable of existing in d- and I'forms* In atropine it 
IS present in its di- or racemic form* As both the components 
are optically inactive atropine and its salts are also optically 
inactive. A d-hyoscy amine has been prepared artificially 
from tropine and d-tropic acid. This artificial alkaloid is 
toxicologically less potent than its isomers and their positions 
may be expressed thus: l-hyoscyamine > dhhyoscyamine 
(atropine) > d-hyoscy amine. Atropine, therefore, occupies 
an intermediate position as far as its toxicity is concerned. 

Atropine is readily soluble in chloroform, benzene, amyl 
alcohol and other organic solvents, e.g., one gram is dissolved 
by 27 c.c. of glycerol, 25 c.c. of ether, 2 c.c. of alcohol and 
I c.c. of chloroform at It is sparingly soluble in 

petroleum ether. Of all alkaloidal reagents, Mayer’s reagent 
is the most delicate and reliable for detecting atropine in 
small quantities in biological materials, e.g., in blood scrum. 

Extraction of Atropine.— The extraction of this 
alkaloid from the unne, blood, viscera and other materials is 
made by the Sus-Otto process, special care being taken to 
prevent its hydrolysis. The extraction should be earned out 
at a relatively low temperature using the minimum quantities 
of tartaric acid for acidification and avoiding NaOH or other 
strong alkalies for alkalmization — sodium carbonate being 
most suitable. Chloroform should be the solvent of choice. 

Tests for Atropine 

(i) Vttali's Test. — To the extracted residue in a 
porcelain dish add i to 2 drops of fuming or cone. HNO3. 
and evaporate to dryness on the water bath. Allow it to 
cool and add a few drops of freshly prepared alcoholic potash 
— a fine violet colour is produced which soon changes to red 
and then disappears. On adding a few drops more of 
alcoholic potash, the colour reappears. 

This reaction is given by all solanaccous alkaloids, with 
the exception of homatropine — an artificial alkaloid prepared 
by the condensation of tropine and mandclic acid. 

(k) Gerrard's Test . — To the purified residue, add drop 
by drop, i to 2 c.c. of a 2 per cent solution of mercuric 
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chloride in 50 per cent alcohol avoiding excess of the reagent 
— a red colour appears at once. 

Hyoscyamine gives a yellow colour which becomes red 
on warming. No yellow or red colour is obtained with 
hyoscine (scopolamine). 

(ill) Physiological Tests . — Dissolve the purified residue 
m a few drops of N/ioo HoSO^ and instil i or 2 drops of 
this solution into the conjunctival sac of a cat. In a few 
minutes the pupil begins to dilate. The dilatation is best 
observed by comparing this pupil with that of the other 
eye. The observation should be made in an open place with 
plenty of light so that the normal dilatation which occurs in 
a shady or a dark place may not be mistaken for dilatation 
by atropine and the animal should not get frightened in any 
way. as fright also dilates pupils. One drop of atropine 
solution (1 : 130,000) will cause distinct dilatation of the pupil 
in a cat (Autenrieth). The dilatation by atropine persists 
for several hours (cf. cocaine, p. 506). 

It is stated that certain cadaveric alkaloids from highly 
decomposed viscera may produce similar mydriasis and may 
be mistaken for atropine but the fact that they do not respond 
to the chemical tests described above differentiates them 
from atropine (see page 432). 

Quantitative Determination of Atropine 

Dissolve the purihed residue in neutral alcohol and add to it a 
known amount of N/50 H,SO^ and dilute with a little distilled water. 
Titrate with N / 50 NaOH solution using methyl red as indicator. 
Each c.c. of N/50 HgSO^ combined with the alkaloid represents 
O f}05786 g, of atropine. 

7. Aconitines - The Aconite Alkaloids 

The aconitines form an important group of highly toxic 
alkaloids found mostly in the roots of different species of 
Aconitum. Only a few of them grow in the temperate and 
sub-alpine regions of the Himalayas and the roots obtained 
from this source are usually known as ‘Nepal aconite rootsh 

The well known alkaloid aconitine, the empirical formula 
of which is now accepted as C34H47O11N, is found in 
Aconitum napellus which does not grow in this country. 
Only three aconitines, viz., pseudaconitine CajHjiOijN. 



500 


ORGANIC AND T0XIC0UX3ICAL CHEMISTRY 


mdacomrine C34H4,On^N and bikhaconitine Cj^HsiOjiN are 
found in four species of Aconitum growing in India. The 
names of these species arc : 

1. Acofutum Balfourii Stapf. \ Originally included under 

2. A. detnorrhtzum SupL I the name Acotiitum ferox. 

f They are the sources of 

j pseudaconitinc. 

3. A. chasmanthum Stapf. This is the principal source 

of Bish or Bikh of the 
Calcutta market. It con- 
tains indaconitine. 

4. A. spicatum Stapf. Also known as A. ferox. 

This is the source of 
bikhaconitine. 

Of these three alkaloids, pseudaconitine is the most 
toxic. Indaconitine and bikhaconitine are less toxic than 
the former, but more toxic than aconitine (Henry). The 
facts that we do not know exactly the variety or aconite 
available in the market and thus accessible to the public 
and the source from which it is obtained and that all the 
aconitines produce the same kind of tingling sensation in the 
mouth and show the same toxic signs and symptoms, preclude 
the toxicologist from going into details about the actual 
identity of the alkaloid. This is the reason why the toxico- 
logists in India state in their reports that ‘aconite* has or 
has not been detected in the material examined by them and 
do not refer to any of the aconitines. 

Aconite root is used in the powdered form as a homicidal 
poison in Bengal and other parts of India, The powdered 
root of Indian aconites is slightly sweetish in taste and hence 
it is called Mitha Zahar (sweet poison). Aconite is there- 
fore most suitable for administration with food without arous- 
ing any suspicion on the part of the victim. It is also used 
as an arrow poison by the Nagas and other hill tribes in 
Assam and Burma frontier regions. It appears from the 
literature that the species of aconitum (A. napellus) available 
in the West is not sweet but bitter and its bitter t^te is 
attributed to its amorphous alkaloids and not to aconitine* 
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Aconitine and its closely related alkaloids mentioned 
above are weakly alkaline to litmus, readily soluble in chloro" 
form and benzene (i part in 7), less readily in alcohol (i in 
28) and in ether (i in 65) and sparingly in petroleum ether. 
The bases are dextrorotatory but their salts are laevorotatory. 
They arc very unstable alkaloids, easily undergoing hydro- 
lysis in the presence of acids and alkalies and even by boiling 
with water. This property presents considerable difficulty 
in isolating them from tissues and other materials, the final 
residue obtained after completing the processes of extraction 
being the hydrolysis products of the alkaloid. 

Hydrolysis Products of the Aconitines . — Aconitine gives 
acetic acid and benzoylaconme when hydrolyzed by boiling 
with dilute acids, and gives acetic acid, benzoic acid and 
aconine, Co.^Hj^OyN, if hydrolyzed by alkalies. 

Pseudaconitine yields acetic acid and veratroyl pseuda- 
conme if its neutral salt is, boiled with water; acetic acid, 
veratric acid and pseudaconine, Ca^H^^OgN, if hydrolyzed 
with alcoholic sodium hydroxide (even without heating). 

Indaconitine yields acetic acid, benzoic acid and pseuda- 
conine, if hydrolyzed with alcoholic soda (without heating). 

Bikhaconitme yields acetic acid, veratric acid and bikha- 
conine C2^H4i07N, if hydrolyzed with alcoholic soda 
(without heating). 

Extraction of the Aconitines — As aconitines are 
eliminated through the urine and saliva, these fluids are 
valuable for isolation of the alkaloids. The materials are to 
be submitted to the Stas-Otto method of extraction. The 
preliminary digestion with alcohol should be conducted at 
room temperature for sometime and finally at about 6 o°C 
for an hour or so. The acidification should be done carefully 
with tartaric acid, the reaction being only slightly acid. The 
evaporation of the filtrate should be carried out at room 
temperature under a vacuum and alkalinization must be done 
with sodium bicarbonate. Both ether and chloroform should 
be used as solvents for final extraction (see p. 4^9)* 
use of ice box for keeping the extracted materials during 
the intervening stages of extraction is helpful. 
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Tests for Aconite Aikaioids 

The tests given below can only be successfully carried 
out if pure alkaloid is obtained for the test. But in actual 
practice it is not possible to punfy the extracted alkaloid 
to perfection and the chemical tests are therefore not depend- 
able. The analyst has. therefore, to fall back upon the 
physiological test only which we consider infallible, if the 
test is carried out by an experienced toxicologist. 

(i) Gold Chloride Test. — Dissolve the extracted residue 
in 2 or ^ drops of dilute (N/ioo) HCL Add a few drops 
of gold chloride solution (5 per cent) — an amorphous preci- 
pitate is formed which shows golden yellow needles or rectan- 
gular prisms if crystallized from alcohol. 

(<i) Vitah's Test . — See atropine (p. ‘498.) Pscuda- 

conitine gives this test. 

(lu) Alvarez Reaction. — Add to the purified residue in 
a porcelain dish 5 to 10 drops o^ pure bromine and evaporate 
on the water bath. Add i to 2 cc. of cone. HNO^ and 
evaporate to dryness, adding again a few drops of bromine if 
the nitne acid loses its colour. To the yellow oxidation pro- 
duct add 0 5 to I c.c. of a saturated alcoholic solution of 
NaOH and again evaporate to dryness. A red or brown 
residue is obtained. Allow to cool and add 5 tc 6 drops 
of a 10 per cent CuSO^ solution — a green colour develops. 

(w) Palet's Reaction. — Add to the purified residue a 
few drops of a mixture consisting of 25 g. of syrupy phos' 
phoric acid (85 per cent) and i g. of sodium molybdate. 
Heat over a small flame until vapours appear — a violet colour 
develops. Veratrinc also gives this test. 

(v) Physiological Tests. — (a) Dissolve the residue in 
a few drops of very dilute HCl and apply a drop of this 
solution to the tip of the tongue by gently rubbing with the 
finger. In 5 to 15 minutes, a tingling sensation develops 
which is not confined to the tip but gradually spreads out 
(cf. oleander). If the amount of the alkaloid is not very 
small a very uncomfortable sensation of dryness of the throat 
along with a choking sensation is felt. It persists for several 
hours (c/. oleander). This test is very characteristic and 
may be safely relied upon. The chemical tests described 
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above are only dependable if confirmed by the physiological 
tests. 

(b) If a few drops of the above solution are injected 
into the dorsal or ventral lympl^ sac of a frog {not water 
frog)t the hind limbs become extended and flaccid, respira- 
tory difficulties appear with copious secretion of a lymphdike 
exudation all over the body. Finally, the respiration faifa 
With retraction of the chest wall on either side and the frog 
dies in about half an hour or even earlier. 

Cocaine. 

Fatal cases of poisoning by cocaine are not infrequent 
in this country, particularly among the cocaine addicts who 
take cocaine hydrochloride to enjoy the ‘feeling of exhilara- 
tion and sense of happiness and well being which transport 
at once to a longed-for elysiumk 

Cocaine is the methyl benzoyl ester of a basic substance 
ccgoninc When heated with mineral acids^ it is 

hydrolyzed into ecgonine, benzoic acid and methyl alcohol. 
If it is boiled with water, it splits up into methyl alcohol and 
benzoyl ecgonine which in turn can be hydrolyzed by acids 
or alkalies into ecgonine and benzoic acid. 

It is very readily soluble in CHCI3, benzene and other 
solvents. One gram is dissolved by 07 c.c. of CHCl,, 
3 5 c.c. of ether. 6 5 c.c, of alcohol and 12 c.c. of olive oil 
at 25 *C. It is also soluble in benzene but is insoluble in 
glycerol. Its solution is alkaline to litmus and methyl orange 
but not to phenolphathalein. 

Extraction of Cocaine.— As cocaine is readily hydro- 
lyzable, it is rapidly decomposed in the tissues. The toxico- 
logists are of opinion that chemical examination almost 
always gives negative result unless cocaine be taken m large 
quantities. As a rule, little can be isolated from the viscera 
after a few hours. It has been suggested that ecgonine, the 
basic hydrolysis product of cocaine, should be detected in 
the urine and tissues, but so far no satisfactory method has 
been worked out for its detection. 

The extraction of cocaine is made, as usual, by the Stas- 
Otto method. It should be carried out at a low temperature 
with the minimum amount of tartaric acid for acidification 
and for alkalinization sodium carbonate or preferably bi- 
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carbonate should be used. The solvent for extraction should 
be cither chloroform or benzene. 

Teats for Cocaine 

Many tests have becnr recommended for the detection 
of cocaine, but the amount usually obtained^ if at alh by 
extraction from viscera is hardly sumcient for such tests. 

The following tests are, however, useful for detecting 
cocame in suspected substances found on the person or in the 
rooms of the deceased or in adulterated samples seized from 
cocaine smugglers, or in connection with cases under the 
Dangerous Drugs Act : . 

(i) AlunuPcrmanganate Test , — Dissolve the residue or 
a small quantity of the suspected substance in a few drops of 

very dilute 
(N/ioo) HCl 
and evaporate 
to dryness. 
Dissolve this 
residue in a 
few drops of 
a saturated 
solution of 
alum. Take 
a drop of this 
solution on 
a microscope 
slide and add 
to It a drop 
of a saturated 
Fijr 5: solution o f 

KMnO^ and mix them together by gently rubbing on 
slide with a glass rod for about a minute or two — characterise 
tic violct-rcd or pink rhombic (almost rectangular) plates 
of cocaine permanganate arc found under the microscope 
(sec Fig 51). 

If the drops of cocaine and KMn04 solutions arc mixed 
gently on the slide and the slide is left uncovered and 
allowed to evaporate almost to dryness, brger crystals arc 
found (Bagchi ct al). 
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Antipyrinc interferes with this test and should be 
Tcmoved. Novocaine does not give this test, 

(it) Gold Chloride Test . — Dissolve the residue or the 
suspected substance in a few drops of dilute (N/ioo) HCl. 
Take a drop of this cocaine hydrochloride solution on a 
microscope slide and add 
to it a small drop of gold 
chloride solution (5 per 
cent) — at once an amor- 
phous precipitate is form- 
ed which rapidly becomes 
crystalline. Examine 
under the microscope — 
the crystals resemble 
fern-^ronds and are very 
characteristic. It is a 
delicate test and detects 
cocaine even in a con- 
centration of I in 2O1O00. 

(See Fig. 52). 

Novocaine also gives 
similar crystalline preci- 
pitate, but the precipitate is soluble in dilute HCl while the 
cocaine gold chloride crystals are insoluble in HCl. 

(in) lodtc Acid Test , — To the substance add a few 
drops of cone. H^SO, and a small particle of pure KIO, 
or HIO,. No colour develops in the cold. Now heat the 
mixture on the porcelain dish over a small flame until the 
vapours of HoSOj come off or even a little longer, when 
‘appear in succession and together brown, olive green, blue 
and violet shades of colour which issue from the particle of 
iodate and immediately disappear. Finally, vapours of iodine 
are also given off.' This test detects o 05 mg. of cocaine. 
Other alkaloids also give intense colourations with HoSO^ 
and KIO3 but usually in the cold. 

Ecgoninc, under these conditions of the test, gives cherry 
to purple red colour which finally changes to dirty violet, 

(it^) Chromic Acid Test . — Dissolve the substance in a 
few drops of very dilute HCl and evaporate to dryness. 
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Dissolve this dry residue in a few drops of water and to this 
aqueous solution of cocaine hydrochloride add a drop or two 
of 5 per cent solution of K^Cr^O,- — a yellow precipitate is 
produced which redissolvcs on shaking the mixture. Now 
add to this clear solution about i c.c. of cone. HCl — ^an 
orange coloured precipitate of fine needles is obtained. This 
reaction is shown in a concentration of i : looo. 

(r) Phystologtcal Tests. — (a) Convert the residue into 
cocaine hydrochloride as described under the chromic acid 
test and apply a drop of the solution to the tongue, repeating 
the contact on the same spot — a sense of numbness and a 
characteristic insensibility to touch will i>c perceived which 
last for a few minutes only. 

(b) Instil a drop of the cocaine hydrochloride solution 
into the eye of a cat — a dilatation of the pupil with anaes- 
thetic and blanching effects on the conjunctiva is observed. 
The dilatation is however not so well marked and persistent 
as noted with atropine (see p. 499). 

Cocaine Substitutes— Novocaine or Procaine 

Of the common cocaine substitutes used in medicine,- 
novocaine or procaine is toxicologically im^ 

portant on account of its extensive use as an adulterant of 
cocaine which is smuggled to the cocaine addicts, and cases 
of fatal poisoning by taking large doses of adulterated cocaine 
containing mainly novocamc are occasionally met with. As 
novocaine is not included in the schedules under the 
Dangerous Drugs Act, it is readily accessible to the public. 
Since the beginning of the war with fapan it has not been 
available to the addicts. 

Extraction of Procaine.— The extraction of procaine 
from the tissues and its detection present the same difficulties 
as in the case of cocaine. If the examination is made soon 
after death, it may be f>ossible to extract this basic substance 
from the organs and particularly from the liver, but such 
attempts have usually been unsuccessful. The methods of 
extraction arc the same as in cocaine. 

Tests for Procaine in th^ presence of Cocaine 

(i) Diazo Test . — Dissolve the residue in a few drops of 
very dilute HCl and evaporate to dryness. Add about 2 c.c. 
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of water, 2 drops of cone. HCl and a 10 per cent solution of 
sodium nitrite and mix them carefully with a glass rod. To 
the mixture add drop by drop about 3 c.c. of fi^naphthol 
reagent (prepared by dissolving 0 4 g. of p-naphthol in 
10 c.c. of 10 per cent NaOH solution) — a scarlet red preci- 
pitate is produced. 

(ti) Aldehyde Test . — Take a drop of procaine solution 
or a minute crystal of it on a microscope slide and add to it 
a drop of p'dimethylammO'benzaldehyde reagent (prepared 
by dissolving i g. of p-dimethyl amino-benzaldehyde in 95 
c.c, of absolute alcohol and 20 c.c. of cone. HCI) — a yellow 
or, a greenish yellow colour develops at once (Chakravarty 
and Roy). 

Cocaine and other alkaloids do not give this test. 
Orthoform and anaesthesine give this reaction but they differ 
from procaine by their insolubility in water. 

Qaintltalive Determinalion of Cociine ia the Presence of Norocaine 
and other Adulterants of Cocaine of Bagchi et at] 

Weigh out about 0 5 g. of the sample and di‘=solve in about 
10 c c. of 20 fx‘r cent HCl in a small f)eakor. Add 2-5 c.c. of an 
one per cent gold chloride solution drop bv drop until the precipita- 
tion of cocaine gold chloride is complete; stirrinor all the time with a 
glass rcKl The precipitate is at first amorphous, but soon become* 
crystalline. Allow two h^nirs to settle completely and then filter 
through a small quantitative filter paper. Wash the residue in the 
filter with 15 c.c. of water (5 portions of 3 c.c. each) till the filtrate 
is free from rKu’ocaine as indicated by the lest described above. 
Perforate the filter and wash the residue with 20 c.c. of water into a 
separating funnel. Render strongly alkaline with 10 per cent solu- 
tion of ammonia which decomposes the double salt cocaine-gold 
chloride and lil.icrates the cocaine base. Extract cocaine five times 
with anaesthetic ether ( 13 . P.). Wash tEe combined ether extract* 
with about 5 c.c. of water. Evaporate tlie washed ether extract in a 
platinum dish on a steam bath. Dry it in an air oven at 70°C to 
constant weight. This weight gives the amount of cocaine base 
present in the original solution. Multiplied by the factor 1*12 the 
weijc'ht of cocaine hydrochloride will be obtained (for further 
details see Ind. Med. Gax., 1939). 

Instead of weighing the evaporated ether extracts, it may be 
dissolved in a known amount of N/50 HjSO^ and titrated with N/50 
NaOH with methyl red as an indicator. One c.c. of N/50 H,SO^ m 
equivalent to 000679 g. of cocaine hydrochloride. 
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Non-alkaloidal and Indigenous Poisons; Barbitu- 
rates. Salicylic acid and its Derivatives. Acetanilide. 
Pkenacetin* Sulphonamides. Plumbago. Oleanders 
Indian Hemp. Jequirity. Croton. Madar. Cleistanthus 
collinus. Marking Nut. 

I. NON^ALKALOIDAL ORGANIC POISONS 

1. Barbiturates 

A large number of derivatives of barbituric acid or 
malonyl urea (see p. 259) are used in medicine as hypnotic 
drugs and some of them are very popular and taken indis- 
crinunateiy without consulting a physician and thus become 
the sources of accidental poisoning by overdosage. Cases of 
suicide by these drugs are also met with. The following 
barbiturates are of toxicological importance in this country : 

(I) Veronal, Barbital, Barbitone, Diethyl barbituric 
acid. CO{IIN.Cq),.C(C,H,), 

(II) Medinal, Sodium barbitone. Soluble barbital, 

CO.(HN.CO) {NaN.CO)X(C,H,),. 

(m) Luminal, Gardenal, Phenobarbital, Phenylethyl- 
barbituric acid CO{HN rO)/'((:,HJ ( C.HJ. 

The solubiUty of these barbiturates is as follows : 

Veronal is soluble in 130 parts of water, 75 parts of 
chloroform, 35 parts of ether, 14 parts of alcohol at 25°C 
and 13 parts of boihng water. It is also soluble in acetone 
and ethyl acetate. Its solution is acid to litmus. 

Medinal is soluble in 5 parts of water at 25 °C and in 
2*5 parts of boiling water. It is slightly soluble in alcohol 
but insoluble in ether. Its aqueous solution is alkaline to 
litmus. 
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Luminal is soluble in about 1,000 parts of water, 700 
parts of benzene, 40 parts of chloroform* 13 parts of 
ether, and 8 parts of alcohol at 25 ^C. It is soluble in alkali 
hydroxides and carbonates. 

Of these barbiturates, veronal is readly eliminated 
through the kidneys. As much as 90 per cent may be 
recovered from the urine which is, therefore, the most 
important material for toxicological investigation. Luminal, 
on the other hand, is not excreted in the urine. Brain and 
spleen as also the other organs retain a considerable amount 
of this drug. The post mortem materials for toxicological 
analysis should, therefore, include the liver, kidney, brain, 
spleen, and the stomach and its contents. 

Extraction of Veronal and other Barbiturates, 

The barbiturates are recovered from the acid ether extract 
of the Stas-Otto method of extraction (see p. 428, para c.). 
In a suspected case of barbiturate poisoning, the initial acidic 
fication should be done with dilute H3SO, and the extraction 
of the acid aqueous filtrate with ether. Then evaporate the 
ether extract to dryness, purify the crystalline residue by 
taking up with a little hot water and decolourize by boiling 
with animal charcoal. Filter hot and evaporate the filtrate 
to dryness. The crystalline residue will be quite pure for 
determination of the melting point. 

As animal charcoal causes considerable loss of the mate^ 
rial by adsorption, the following alternative method of puri- 
fication, especially useful for quantitative determination, may 
be adopted : Take up the crystalline residue with a little hot 
water acidified with dilute H2SO4, heat to boiling and add 
drop by drop 5 per cent solution of KMnO^ just to give a 
slight pink colour to the solution. Filter and decolourize the 
filtrate with a few drops of hydrogen peroxide. Extract 
with ether and evaporate to dryness, the residue will be 
quite pure. 

For extraction of veronal from the urine, concentrate 
it to syrupy consistency and extract with 95 per cent alcohol 
acidified with dilute H^SO, on a steam bath for about an 
hour. Filter and evaporate the filtrate almost to dryness. 
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Digest with hot water and filter. Extract with ether and 
proceed further with the stages described above. 

Tests for Veronsl and Medinal 

The tests for veronal are not at all satisfactory — most 
of them being of negative character as against the positive 
colour reactions given by other barbiturates, if the 
extracted drug is sufficiently pure and available in large 
quantity* the tests are likely to be useful but these possi^ 
bilities are usually remote in toxicological investigations. 
The following tests are useful in identifying veronal and 
medinal : 

(i) Millons Reagent. — Dissolve the residue in a small 
amount of warm water and add a few drops of Millon's 
reagent — a gelatinous white precipitate is formed which is 
insoluble in excess of the reagent. 

(ii) Cobalt nitrate Test. — To an alcoholic solution of 
the fesidue add a drop or two of ammonia to render it alka- 
line \hd then add a few drops of alcoholic solution of cobalt 
nitrate — a violet colour is produced. 

N.B. — These two tests are general tests for all deriva- 
tives of barbituric acid and not specific tests for veronal or 
medinal. 

{•«) Melting Point. — The m.p. of dry punfied veronal 
is ^corrected) but in achial toxicological analysis 

this figure is seldom obtained possibly due to the presence 
of impurities. Autenneth gives the m.p. of pure veronal as 
187^ — i88°Ct Webster as 187"^ — 190“, and so on. It is, 
therefore, desirable to determine the m.p. of the purified 
residue after carefully mixing it with the same quantity of 
pure veronal. If the residue in question is veronal, the 
mixture will melt at the same temperature as cither substance 
alone; if the two arc not identical, the mixture will give a 
lower melting point. 

N.B. If the residue containing veronal is heated in a 
dry test tube, veronal sublimes in well formed crystals which 
may be used for determining the m.p. 
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{iv) To the residue add a little solid NaOH and fuse, 
ammonia is evolved. Dissolve the fused mass in water; the 
solution gives a blue colour with FeSO^ solution and a 
purple colour with CuSO^ solution. 

(r) Di^olve the crystalline residue in an excess of 
Na2C03 solution and boil — veronal is decomposed with 
evolution of ammonia. 

("jO Van htalic and van der Veen's Test. — Dissolve the 
residue m water rendered faintly alkaline with ammonia and 
add to this an equal volume of ammoniacal solution of 
AgNOa (a 5 per cent AgNO^ solution to which just suffi- 
cient ammonia is added to redissolve the precipitate of silver 
oxide first formed}^ — a white precipitate rapidly forms which 
rcdissolvcs m hot water and recrystallizes on cooling in 
colourless, birefringent crystals. 

Tests for Luminal 

(t) Melting Point. — The m.p. of pure luminal is stated 
to be 172 — 174 C but usually it is about lyo^C. 

(u) To the residue in a porcelain basin add one or two 
drops of the Marquis reagent (see morphine) and allow to 
stand for a minute or two and then warm on the water bath 
— olive green and violet patches appear and then the whole 
mass becomes reddish purple. 

(m) Ranuez'^ Test. — To the residue add about 5 
times the amount of KNO^ and about 2 c.c. of cone. H^SO* 
and boil for 10 minutes. Pour the yellow solution into 
10 c.c. of cold water — a heavy crystalline precipitate appears. 
Now add a large excess of ammonia to this mixture — the 
precipitate dissolves giving a yellow solution. 

N.B. This test is given by all barbiturates having the 
aromatic ring. 

(iv) EkkerPs Test . — To the residue, add about i c.c. 
of formalin and 4 c.c. of cone. H.SO^ and heat the mixture 
in a water bath, the mixture acquires a rose-red to wine-red 
colour after a few minutes (yellow colour with veronal). 
'Quantitative Determination 

The residue purified as described under extraction is dissolved 
in ether and transferred to a weighed beaker. Evaporate the solvit, 
dry the residue at about ioo*C to constant weight which gives the 
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aiBount of the barbiturate present in the weighed quantity of the 
material 

2. Salicylic Acid and its Derivatives 

Poisoning by salicylic acid and its derivative aspirin 
or acetyl salicylic acid is occasionally met with. They are 
mostly accidental and in some cases suicidaL Salicylic acid 
circulates in the blood as sodium salicylate, and is found in 
all the organs and secretions of the body. It is not found m 
the /aecfs. 

Salicylic Acid,QH,(OH).COOH 

It is sparingly soluble in cold water but readily in 
boiling water. One gram of salitylic acid is dissolved by 
460 c.c. of water. 135 c.c. of benzene. Ai c.c. of chloroform. 
3 c.c. of ether or acetone, and 2*7 c.c. ot alcohol at 25 ""C. 

Extraction of Salicylic Acid. — As salicylic acid is 
volatile in steam, it is easily extracted from the viscera, 
unne and other materials by steam distillation after acidic 
ficarion with dilute H.SO^. The distilbte contains salicylic 
acid and some salicylunc acid if the poisoning is due to a 
salicylate or salicylic acid, and it contains salicylic acid along 
with some phenol if salol (phenyl salicylate) is responsible 
for poisoning. 

Render the distillate alkaline with Na^COj and extract 
several times with ether — salicylic acid remains in the alka- 
line solution as sodium salicylate while phenols, etc., arc 
extracted by ether. Separate the alkaline solution and 
acidify with H2SO4 — salicylic acid is liberated. Extract 
with ether and evaporate the ether extract to dryness — the 
crystalline residue is pure salicylic acid. 

The acid ether extract of the Stas-Otto process also 
contains salicylic acid with or without phenol according to 
the nature of the poisoning. 

TesU for Salicylic Acid 

(») Ferric Chloride Test . — Dissolve the residue in hot 
water or in dilute alcohol, add a few drops of dilute FeCla 
seJution — a violet colour develops which is not discharged 
by alcohol (distinction from phenol, see p. 447). 
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(ii) Bromine Water Test — Add bromine water drop 
by drop — a white precipitate of tribromosalicylic acid 
C6HBr3(OH) COOH is formed (sec p. 448)* 

(ii) Methyl Salicylate Test — To the residue add 
one c*c* of methyl alcohol and 0.5 ac of cone. HjSO^ and 
heat till the sweet smell of methyl salicylate is recognized. 

(iv) fonssens' Test . — Dissolve the residue in 10 c.c. 
of water by heat and transfer to a test tube and allow to 
cool. Add 4 or 5 drops of 10 per cent KNOj solution^ 4 
or 5 drops of 50 per cent acetic and one drop of 10 per 
cent copper sulphate solution. Mix and boil for about a 
minute or two — a red colour develops. 

Quantitative Determination of Salicylic Acid 

The extraction of salicylic acid from viscera by steam distillation 
as described on p. 512 is not suitable for quantitative determination 
as complete extraction is not likely by this method. The following 
method is useful: Weigh out the finely minced tissue and mix with 
water acidified with to the consistency of a thin gruel. Heat 

on the boiling water bath for about two hours. Filter hot and wash 
with hot water. Render the filtrate and the washings alkaline with 
NajCO, solution and evaporate to dryness. Dissolve the residue in 
dilute Extract this acid solution repeatedly with ether. 

Transfer the combined ether extracts to a separating funnel and 
shake vigrrouslv with about 15 c.c. of dilute sodium carbonate solu- 
tion, when salicylic acid wall pass into the aqueous solution as 
sodium salicylate while fat and other impurities (phenols, &c.) will 
remain in the ether. Separate the alkaline aqueous extract and 
repeat this prfxes.s of extraction for 2 or 3 times more. Combine 
the alkaline aqueous extracts, acidify with dilute H^SO^ (i : 3) and 
again extract with ether 2 or 3 times. Wash the combined ether 
extracts with water until the washings are free from acid. Kvaporate 
the washed ether extract to drvness. Dissolve the crystalline 
residue of salicylic acid in a small quantity of hot \vater, dilute 
with water and after cooling make up to a definite volume. Take an 
aliquot portion of this solution dilute with water and add to it a 
few drops of 0*5 per cent solution of FeC], until the maximum 
colour is developed (avoiding an excess of the reagentj). Match this 
colour in a colorimeter or in Nessler tubes against the colour 
obtained with standard solution of salicylic acid (containing i mg. 
of salicylic acid in 100 c.c, of w'ater similarly treated wi 3 i FeO, 
and calculate the amount of salicylic acid accordingly. 

In the case of urine or other liquid materials, acidify with dilate 
HgSO^ and extract with ether repeatedly. Treat the ether extracts 
with dilute Na,CO, solution and proceed according to the method, 
described above. 
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AHMrmC,‘H,(OXOXH3).COOH 

It is readily hydrolyzed into salicylic* and acetic acids by 
boiling with water or by alkali hydroxides and carbonates 
in the cold in which aspirin is readily soluble. One gram 
of aspirin is dissolved 4y 300 c*c. of water, 17 c.c. of chloro' 
form, 12 c.c. of ether and 5 c.c. of alcohol at 25°C. It 
melts at about 132^0. 

Aspinn and salicylates arc eliminated in the urine in 
the forms of salicylic and salicyluric acids, the latter being a 
conjugate of salicylic acid with glycine which is supplied by 
the system. The conjugation is indicated by the following 
equation : 

C.H,lOH)-COOFI + CH,(NH,)COOH 

-C\HJOH).CO.NH.CH,.COOII + H.O 

Both these acids give positive ferric chlonde test. The 
salicylunc acid may, however, be hydrolyzed by refluxing 
with strong HCl. 

Extraction of Aspirin — As aspirin is very ' easily 
hydrolyzed even by hot water, the tissues or the urine or any 
material suspected to contain aspirin should be extracted 
with warm absolute alcohol. Filter the alcoholic solution 
and dehydrate the filtrate with anhydrous Na3S04 and then 
evaporate to ’dryness. Extract the residue with ether. 
Evaporate the combined ether extracts to dryness. The 
crystalline residue contains aspirin with a small proportion 
of salicylic acid which is usually formed in the system by 
hydrolysis of aspinn and also to a certain extent during the 
process of extraction. Test this residue for aspirin. 

Te*U for Aspirin 

(i) Ferric Chloride Test , — Dissolve the residue in cold 
water, filter to separate free salicylic acid if present, and to 
the filtrate add a few drops of dilute FeCl^ solution — ^a 
yellow brown colour develops if no free salicylic acid is 
present. But as a trace of salicylic acid is likely to be 
present in the solution, FcCl, would give a slight purple tint 
instead of yellow brown. Boil the aqueous solution for a 
few minutes, cool and then add FeCU solution — ^an intense 
violet colour develops. 
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(«) Dissolve the residue in about a c.c. of dilute NaOH 
solution, boil, cool in ice and add a drop or two of dilute 
H3SO4 — a white precipitate of salicylic acid is formed and 
the odour of acetic acid is recognized. Filter to remove the 
salicylic acid and test the filtrate for' acetic acid (see p. 142). 

3. Acetanilide, Antifebrin 

Poisoning from aceUnilide C^H.,.NH.CO.CH3 is mostly 
accidental due to overdosage of the drug and cases of 
attempted suicide are also reported. Fatal cases are rare. 

Acetanilide is readily soluble in alcohol, ether, chloro^ 
form and acetone and in boiling water. It is soluble in 190 
parts of water at 25’^C. It melts at 114‘^C. 

Acetanilide as such is not eliminated in the urine unless 
large doses are taken. Most of it is oxidized in the human 
system to aceto-p-amino phenol which undergoes conjugation 
with sulphuric and glycuronic acids and these conjugated 
acids are eliminated in the urine : 

CJI,.NH.CO.CH, ^ C,H,{OH).NH.CO.CH, v- 

O .Aceto-/>-amino phenol 

v- C,H,(O.Sd,.OH).NH.CO.CH, 

HjSOj Aceto-/>-amino-phenyl sulphuric acid 

Extraction of Acetanilide— Extract the finely minced 
tissue or other material with rectified spirit for several hours. 
Filter, evaporate the alcohol and take up the residue with 
water acidified with sulphuric acid. Extract the acid solu" 
tion with ether or chloroform. Evaporate the solvent to 
dryness and test the residue for acetanilide. 

As the urine is not likely to contain acetanilide, a large 
cjuantity of it should be boiled with 10 c.c. of cone. HCl 
under a reflux condenser for an hour or two which results 
in the breaking down of conjugated bodies and liberation of 

f >-amino phenol. The mixture is cooled and rendered alka*' 
ine with excess of Na2C03 and extracted several times 
with ether. On evaporating the ether extracts, p-amino 
phenol is obtained as a brownish oily residue. To an 
aqueous solution of this residue, the indo-phenol test may 
be applied. 

Tests for AcetAniHde 

(0 Indophenol Test — This test is given by compounds 
containing a free primary aromatic amino group. As aceta^ 
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nilidc possesses no free amino group it must first be hyditH 
lyzcd by HCl as described above. 

Take a portion of the residue and boil with 4 c.c. of cone. 
HCI in a test tube until it is reduced to i c,c. Gx>l and add 
a^4 c*c. of satxirated iqueous phenol solution. Add drop 
by drop with good shaking a freshly prepared solution of 
caldum hypochlorite^ a dirty red colour is produced, which 
deepens if the mixture is shaken for a few minutes. Then 
carefully layer some ammonia on this mixture — the upper 
layer b^omes indigo blue whereas the lower layer retains 
the red colour (sec p. 477). Phcnacetin also gives this test. 

(ii) Phenyl'isocyanidc Test , — Boil a small portion of 
the residue with a few c.c. of alcoholic or aqueous NaOH 
solution — the odour of aniline will be perceptible. Then 
proceed with the test as desenbed on p. 283. 

(m) Ethyl Acetate Test , — Take a large portion of the 
residue in a test tube, add to it a few drops of cone. HjSO* 
and a little alcohol and heat for a few minutes in a boiling 
water bath — the smell of ethyl acetate will appear on care- 
fully adding a few drops of water. 

This test is due to hydrolysis of acetanilide and liberation 
of acetic aad which forms the ethyl acetate. This test alone 
has got no value unless it is combined with the phenyl- 
isocyanide test. 

Quantitative Determination 

Transfer the residue extracted from a known quantity of the 
material (viscera, vomit, remnants of substances suspected to contain 
acetanilide, etc.) to a flask, add 20 c.c. of 20 per cent HCl and boil 
ior 15 minutes under a reflux. Make up to 100 c.c. with water. To 
25 c.c. of this solution (filtered if necessary) in a stoppered bottle, 
add 5 c.c. of cone. HCl and 15 c.c. (or more) of N/io bromine 
(bromatc-bromideO solution and allow the mixture to stand for 15 
minutes in the dark. Add an excess of K 1 and titrate the liberated 
iodine with N/io Na^SjO, solution. Since i c.c. of N/io bromine 
« 0*002252 gm. of acetanilide, the amount present in the material 
taken for examination is calculated accordingly. 

4. Phenacetin, Acetophenetidin, Aceto>p>phenet> 
idine, p>Ethoxy aceUnilidei 

As in the case of acetanilide, the poisoning from pheiU' 
cetin C,H*(O.CjHj).NH.CO,CH, is mostly acddentaL 
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Phcnacctin differs from acetanilide by having an cthoxyl 
group in the para position. It is sparingly soluble in cold 
water but fairly readily in alcohol, chloroform and ether. It 
is soluble in 2 8 parts of boiling alcohol. It is hydrolyzed 
by heating with NaOH solution or cone. HCl into 
p-phenetidine and acetic acid and not into aniline and acetic 
acid as in the case of acetanilide. In moderate doses, phena^ 
cctin undergoes hydrolytic changes in the human body with 
formation of p-phenetidine and p-amino phenoL These 
products are excreted with the urine either by themselves 
or as conjugates of sulphuric and glycuronic acids. As p^ 
amino phenol is responsible for indophenol reaction, phena^ 
cctin also gives the indophenol test. 

Phcnace tin- urine is frequently yellow coloured and 
reduces Fehling*s solution on account of having an excess 
of glycuronic acid in combination with the hydrolysis pro- 
ducts mentioned above. This urine differs from glycosuric 
urtne in not fermenting with yeast. 

Extraction of Phenacetin. — It is extracted from 
tissues and urine in the same way as described under 
acetanilide. 

Tests for Phenacetin 

(1) Indophenol Reaction, — Positive (see acetanilide). 

(ii) Phenyl Isocyanide Test. — Negative (see pp. 67, 
283 and 516). 

(iii) Oxidation Test. — Boil the residue with 1-3 cu:. of 
cone. HCl for three minutes or more. Dilute with water to 
about 10 c.c, cool and filter. Add to the filtrate a few drops ^ 
of 3 per cent chromic acid or 8 per cent KjCraO^ solution 
or some strong chlorine water, a violet colour changing 
rapidly to ruby red develops. Acetanilide gives a yellow 
colour which slowly changes to green. 

(ft/) Periodide Test, — ^To the residue transferred Into 
a test tube, add a drop of gbcial acetic acid, 0-5 c.c. of water, 
and I cc. of.N/io iodine solution; warm the mixture to about 
40 and add a drop of strong HCl, a crystalline precipitate 
of periodide of phenacetin (C2H50.C»H4NH.C0.CHj)jHI.l4 
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separates in the form of reddish brown leaflets or needle-* 
shaped crystals. Shaking and warming hasten the reaction* 

The formation of crystalline periodidc is the basis of a 
gravimetric method of determination of phenacetin. 

Quantitative I>e term in at ion 

Transfer the extracted residue from a known amount of the 
material to a 50 c.c. conical flask, add 2 c.c. of glacial acetic acid, 
heat gently over a wire gauze to dissolve it, and dilute with 40 cx, 
of warm water (70X). Transfer tlie solution to a 100 c.c, volumetric 
flask containing 15 c.c. of N/5 iodine solution warmed to 40*^0, wash 
the flask twice with 10 c.c. of warm water (40^C) and add th& 
washings to the solution. Mix, add 3 c.c. of strong HCl and shake 
until the cr\^stalline periodide [(CjHjO.C^H^NH.CO.CHJjHI I4] 
begins to form and then set aside to cool. Gentle agitation of the 
flask in a warm water bath (temp, not exceeding 40*’C) hastens the 
formation of cr>'stals. Dilute nearly to 100 c.c., mix, and allow to 
stand overnight. Make up to 100 c.c., mix and allow to stand 30 
minutes. Filter through a dry filter paper and titrate 50 c.c. of the 
filtrate with N/io Na2S303 solution. 

I c.c. of N/5 iodine solution =0*01791 gm. of phenacetin. 

5* Sulphonamides or Sulphanilamides 

The sulphonamide or sulphanilamide group of drugs,, 
the chemical nature of which has been discussed before (see 
p. 294), are now used extensively in medicine and cases of 
acute poisoning by these drugs have lately been reported. 
In most cases, overdosage or the susceptibility of the indivi- 
dual to this class of drugs, is the cause of poisoning and even 
death. It has also been noticed in a few cases that imperfect 
preparation of the drug resulting in its decomposition during 
storage has been the cause of poisoning. 

TTic following sulphonamides have been known to 
produce acute symptoms of poisoning; (i) Prontosil album 
or sulphanilamide, (2) Prontosil rubrum, (3) Soluscptasinc^ 
and (4) M, & B. 693 or Dagenan. 

Extraction from Viscera, Stomach-contents, etc. — 

Take a known quantity of the finely minced material and to 
it add an excess of acetone (about twice the weight of the 
material), warm on a water bath for about an hour with 
thorough shaking at frequent intervals, cork the flask and 
leave it overnight at room temperature. Filter through a 
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fluted filter paper, evaporate the filtrate to a syrupy consist-' 
ency and again extract with acetone in the same way. Filter, 
wash with acetone several times and evaporate the combined 
filtrates to dryness. Dissolve the residue in about 20 c.c. of 
water by heat and filter hot. If there is much colouring 
matter, decolourize with animal charcoal, co<fl and saturate 
the filtrate ivith NaCL Transfer to a separating funnel, add 
about 10 c.c. of acetone, shake vigorously and allow to separate 
into two layers (a portion of NaCl being precipitated)* 
Transfer the upper layer (acetone containing some water) 
to an evaporating basin and repeat the acetone extraction 
several times. Evaporate the combined acetone extracts on 
the steam bath to dryness; the residue consists of the sulpho^ 
namide and some NaCl. Dissolve the residue in water and 
apply the specific tests described below. An aliquot portion 
may be used for quantitative determination. 

Tests for Sulphonamides 

(t) To a small fragment of the residue or to a few 
drops of its solution, add a drop or two o^ the p'dimethyU 
annnobenzaldehyde reagent (prepared by dissolving 3 g. of 
p-dimethylaminobenzaldehyde in 100 c.c. of water containing 
7 c.c. of cone. HoSOJ — at once a yellow colour or orange 
precipitate appears. This test is given by all aryl-amino 
compounds. 

(«) Dissolve a portion of the residue in 2 c.c, of warm 
dilute HCI (lO/o). Cool in ice and add 2 c.c. of a i per cent 
solution of sodium nitrite; add 2 c.c. of water and i c.c. of 
5% /^-naphthol solution (prepared by dissolving 5 g. of 
pure /^-naphthol in 40 c.c. of 20% NaOH solution and then 
making up to 100 c.c.), an orange colour or precipitate is 
produced. 

(m) Sulphanilamide when heated in a dry test tube, an 
intense violet colour is produced and on further heating 
odours of NH3 and aniline are emitted. 

Quantitative Determination in Urine and Blood (W e r n e r ’ s 
Method) 

Urine. — Dilute the urine (100-200 times) with distilled water so 
that the diluted solution may contain 0*5 to 15 mgm. of the sulphon- 
amide per 100 c.c. To 9 c.c. of the diluted urine add i c.c. of the 
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p-dimethylamiDobenzaldehyde reagent — the yellow colour develops 
immediately. Match this colour against similar colour obtained with 
standard sulphanilamide solution treated exactly in the same way. 
For comparison in the usual types of colorimeter, a i mg, standard 
solution set up at 20 mfn. will serve the purpose nicely. 

Blood - — Add I c.c. of oxalated blood drop by drop from a 
pipette, to 4 c.c. of a 5 per cent solution of trichloracetic acid. 
G^tiy shake the mixture for about a minute and filter through dry 
filter paper.' Take 2 cx. of the protein-free filtrate, add 15 c.c. 
N/4 NaOH solution to neutralize the acid and then add 0*5 c.c. of 
the aldehyde reagent and match the yellow colour in a colorimeter 
against the standard solution. 

Nessler cylinders mdy also be used in matching the colour and a 
series of standards corresponding to 0*25 mgm., 0-50 mgm. 0-60 
mgm.. 0'8o mgm., i*oo mgm., and 1-50 mgm. of sulphanilamide per 
100 c.c. of the solution should be set up for comparison. 

Instead of preparing fresh standards every time a determination 
is carried out, a permanent set of standards with perfectly stable 
colour may be prepared from i per cent solution of pure potassium 
chromate as given in the following table: 


Ehlution of 
one per cent 
solution of 
K,CrO, 

Equivalent con- 
centration of 
yilphanilamide 
(mgm. per 

100 c.c.) 1 

Dilution of 
one per cent 
solution of 
K,CrO. 

1 

Equivalent con- 
centration of 
sulphanilamide 
{mgm. per 
100 c.c.) 

50 times 

, . 0*25 

10 times 

0*9 

25 

. . 0-50 

' 8-5 

1*0 

20 ,, 

. . o-6o 

7’5 

i*r 

15 

. . . 070 

50 

. . 1-2 

12*5 - 

. . o*8o 

' 4'5 .. 

13 


Acetyl Sulphanilamide and Total Sulphanilamide 

It has been shown that id man a portion of sulphanilamide is 
conjugated with acetic acid ^Lnd excreted in the unne as acetyl- 
sulph^ilamide which may be determined by the following procedure : 
M^sure out 1 c.c. of the urine in a test tube, add 2 cx. N HCl and 
heat in boiling water for about half an hour, when the acetyl deriva- 
tive is hydrolyzed into acetic acid and free sulphanilamide. Cool th • 
•olutioQ, neutralize the acid with 2 c.c. of N NaOH solution and 
dilate with distilled water to a volume of 10 cx/ Again dilute this 
solution I in 20 or I in 40 according to its probable concentration 
and take 9 cx. of the dilute solution in a test tube and add i c.c. of 
the aldehyde reagent and match the yellow colour against the 
standard solution. This result gives the total sulphanilamide, i.s., 
the free sulphanilamide originally present in the tissue plus the 
sulphanilamide liberated from its acetyl derivative. The difference 
between the total and the fres gives the amount of acetyl auU 
piianilamide eliminated by the kidneys. 
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The acetyl derivative is also found in the blood and can be 
determined exactly in the same way as described above. In this 
case 2 c.c. of the blood-filtrate is heated for 30 minutes in boUing 
water (without adding N HCl), allowed to cool and then neutralized 
with N/4 NaOH solution before the addition of the aldehyde reagent. 

Modification of Werner’s Method by Morris 

Some of the disadvantages of Werner’s method have been got 
rid of by the following modifications introduced by Morris (Biochem. 
J. 1941, and Analyst 1942): One cx. of whole blood is laked by 
shaking it vigorously v/ith 13 c c. of water and then allowing it to 
stand for 3 minutes. The proteins are precipitated by adding 6 c.c. 
of 20 per cent solution of ^-toluene sulphonic acid in N/5 HCl and 
after standingr for 5 minutes the precipitate is filtered o 5 . The free 
suJphanilamide is determined in a 5 c.c. portion of the filtrate by 
treatment with i c.c. of 075 M disodium hydrogen citrate solution 
(prepared by dissolving 39*4 g. of citric acid in 188 c.c, of 2 N 
s^ium hydroxide solution and diluted to 250 cx.) and 2 cx. of 2 
per cent alcoholic solution of p-dimethylamino-benzaldehyde. The 
yellow colour, which immediately develops its maximum value and is 
stable for a week, is matched in a colorimeter against the standard. 

The total sulphanilamide (free and its acetyl derivative) is 
determined on another 5 c.c. portion of the filtrate, heating it fpr an 
hour in a boiling water bath, the conjugated sulphanilamide being 
hydrolyzed by /)-toIuene sulphonic acid. After cooling, the solution 
is diluted to 5 c.c. with water and the colour is developed as before. 

IL INDIGENOUS POISONS 

1. Plumbago 

Two species of plumbago, viZ; Plumbago L* 

(known as chitra or chtta in Bengal and Northern India, 
venchittira and tellachitra in the Madras Presidency) and 
Plumbago rosea L. (lal-chitra or lal^chita)f belonging to 
the N.O. Plumbaginaceae, grow wild in Bengal and other 
parts of India* 

The plant is widely used as an abortifacient. The 
powdered root is taken internally, or made into a paste and 
applied externally to the os uteri for procuring criminal 
abortihn* The root or stem of the plant is also used as an 
‘abortion stick* which acts mechanically. Fatal poisoning 
has bten known to occur through overdosage when given 
by the mouth. 

Active Principles of Plumbago.— A golden yellow, 
crystalline bitter substance, plumbagin, is obtained from the 
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roots of both species of plumbago. It is insoluble in cold 
water and moderately soluble in hot water but readily soluble 
in ethefr chloroform* alcohol, acetone, etc. On oxidation by 
neutral or alkaline KMnO^ in the cold, plumbagin yields 
benzoic and cinnamic acids whereas by distillation with zinc 
dust it produces naphthalene and methyl naphthalene. Its 
tormula as suggested by Roy and Dutt is CigHijOj (Ind. 
/. Med, Res., Vo\, 20, 1933). In small doses it causes con^ 
traction of the muscles of the uterus, intestines and heart 
and in large doses it causes death from respiratory failure. 
Externally, the extract from the roots acts as a powerful 
irritant and vesicant. When applied to the skin in the form 
of a paste, the root produces reddish brown marks simulat- 
ing bruises caused by injury. This property is taken 
advantage of by litigant village people to support false 
charges of assault in village feuds. Solution of plumbagin 
(i in 1000) when applied to the skin produces erythema and 
higher strengths cause painful blisters. 

Extraction of Plumbagin — The stomach contents,, 
vomit, etc., usually contain powdered root from which 
plumbagin is extracted in the following way : Proceed as in 
the Stas-Otto method of extraction (see para a, p. 427). 
To the residue from the evaporated alcoholic extract, add a 
small quantity of water, render slightly alkaline with caustic 
potash solution, and thoroughly mix. Allow to settle for a 
few minutes, filter, acidify the filtrate with dilute HCl and 
extract with ether several times. Evaporate the combined 
ether extracts to dryness. TTe residue contains plumbagin 
which may now be submitted to the following tests: 

Tests for Plumbagin 

(1) To a portion of the residue add a few drops of 
dilute caustic potash solution — a crimson colour develops. 
Add a few drops of dilute HCI — the colour changes to yellow, 
and on standing for some time, a yellow floccculent deposit of 
plumbagin is formed which is soluble in ether. 

(it) Dissolve the residue in a small quantity of alcohol, 
add a few drops of a solution of basic lead acetate — a crimson 
precipitate is formed. 
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N*B. The extraction of this poison from viscera is 
not always successful due to decomposition of this substance 
in the organs. . The residue from visceral extracts gives, if 
at all, the colour reactions only very faintly. 

(iii) Physiological Test. — A dose of 0 01 mgm. or a 
higher dose per gramme of body weight when injected into 
a frog produces drowsiness and ultimately paralysis but no 
convulsions take place. Higher doses always produce 
diaphoresis in a frog. 

2 . The Oleanders 

The name oleander has been given to three different 
species of plants belonging to the N.O. Apocyanaceae. They 
are as follows: 

1 . Nerium odorum Sol. (or N, odoratum Lam.), 
the red or wWte flowered oleander which is grown all over 
India for its sweet scented flowers. Its roots, barks and 
leaves are often used in Western and Southern India and 
also in Bengal as a paste or decoction for suicidal purpose 
and occasionally as an abortifacient. It is known as Karabi 
in Bengali and Alari in Tamil. 

A cardiac glucoside, folmerin, CocjH^^Og has been isolated 
from its leaves. It is 2-3 times more toxic than digitoxin. It 
is used for the treatment of myocardial deficiency — ogives a 
more constant and rapid action, 

Thevetia neriifolia Juss. for Cerbera thevetia 

Linn.), the yellow flowered oleander or yellow oleander 
(Hindi — Ptla kaner, Bengali — Kolkey phul, and also Karabi 
in East Bengal, and Thangalan in Tamil) which grows wild 
all over India, The kernel of the seed and also the leaves 
and other parts of the plant are generally used as a suicidal 
poison, and occasionally as a cattle poison and rarely as a 
homicidal poison. See Fig. 53. 

3 . Cerbera odollam Gaertn. It is known as odollam 
in Southern India, The kernel of the seed is commonly used 
as a suicidal poison in the Madras Presidency and in the 
States of Cochin and Travancore. 

Active Principles of the Oleanders 

(t) Nerium odorum . — A glucoside nerin having the 
formula CjaHa^Oio (m.p. 123 *’C) isolated and studied by 
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Naidu and co^workcrs* It is readily soluble in chloroform^ 
acetone and alcohol, but sparingly soluble in ether, petroleum 
ether, benzene and water* It is highly toxic and when injected 
into the dorsal lymph sac of a nog, it produces conviilsions 
followed by paralysis and death. The minimum fatal dose 
for a frog weighing lo g, is about 0 02 mgm* It gives an 
immediate pink colour with cone. HaSO^ (Naidu et al, 
four. & Proc. Inst Chem., 1943). 



Fig. 53. 

(it) Thevetia n€mfolta.—(a) i nevetm, a giuc^uc 
having the formula C3rH4aO,3 (m.p. 178 C) suggested hy 
Naidu. It is readily soluble in chloroform and ctl^r but 
sparingly in water* It is also highly toxic and when injected 
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into a frog it produces convulsions followed by paralysis and 
death* The minimum fatal dose is the same as that of nerin. 
(b) Cerberin, another glucoside having the formula 
C2oHa«Oi^. It is soluble in water and alcohol but insoluble 
in ether, chloroform and benzene* It is also toxic, the 
minimum fatal dose being 0 025 mgm. for a frog weighing 
about 10 g. The paralytic signs are not so well marked as 
in nevin or thevettn* Cetbetin gives a blue or bluish green 
colour when heated with dilute HCl (Naidu et d, loc, at). 

According to Ghatak (Bull, U. P, Academy of Sciences^ 
1932), the two glocosides present in this plant are thevetin 
(m.p, 192 C and thevetoxin (m.p* 

lyS’^C) Chen and Steldt (Jour, Pharmacol, ^ 1942) also 
isolated two toxic glucosides, cerberostde m.p. 

187 -i88^C) and cerbenn. 

(ni) Cerbera odollam, — Cerberin C3oH380j^, the same 
glucoside as described under Thevetia neriitfolia (Naidu 
et d). 

Extraction of the Oleander Glucosides. — The gluco^ 
sides of oleander are readily destroyed by hydrolysis with 
dilute HCl, by the gastro-intestinal secretions, and possibly 
by the enzymes of the tissues and as such they are rarely 
detected in viscera* The portions of the crude poison, such 
as particles of the kernel, root'bark or the leaves which have 
been left unattacked in the stomach, may be picked up from 
the stomach contents and vomit and submitted to the Stas-* 
Otto process of extraction, and the acid ether or chloroform 
extract obtained from stage c described on p. 428 may yield 
the glucosides nenn and thevetin but no cerberin as it is 
insoluble in ether and chloroform. Cerberin may, however, 
be obtained from the purified acid alcoholic filtrate (in 
stage a) by precipitating it with excess of ether. 

Tests for the Oleanders 

(0 The preliminary Reinsch test for arsenic which is 
carried out as a routine measure in all cases of poisoning 
shows a blue or bluish green colouration of the boiling 
hydrochloric acid mixture if portions of crude yellow oleander 
or odollam are present in the stomach contents. This is due 
to the action of hot HCl on cerberin. 
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(sii^ To the purified acid ether extract on a porcelain 
capsule add a drop of cone. H3SO4 or ‘H3PO4 followed by 
warming on the water bath — ^an immediate pink colour 
appears if nerin is present and a yellowish brown colour 
slowly changing to pink if thevetin is present. 

(«t) KeUer^s Test . — Dissolve the ether extract in i c.c. 
of glacial acetic acid containing 5 per cent ferric sulphate and 
layer this solution over cone. H2SO4 containing 0 05 per 
cent of ferric sulphate, when an immediate crimson in the 
sulphuric acid layer and a green colour in the acetic acid 
layer develop if nenn is present. If thevetin is present, an 
immediate blue in the acetic acid layer and a mauve colour 
in the H^SO^ layer appear. 

N.B. The above two colour tests are only dependable 
if the residue is pure and in sufficient quantity, the condi- 
tions being rarely obtainable in extracts from visceral matters. 

(iv) Physiological Tests. — (a) Moisten the acid ether 
extract with a drop of water and apply it to the tip of the 
tongue by rubbing repeatedly with the finger for a few 
seconds; it tastes bitter and a characteristic tipgling sensa- 
tion with a feeling of denudation of the epithelium develops 
in a few minutes. The sensation is quite ditfer^t from that 
produced by aconite, and is confined to the spot where it is 
applied and does not extend to other parts of the tongue as 
in the case of aconite (see p. 502). This is the most reliable 
test for Ncrium odorum and Thevetia neriifolia. Minute 
traces of the glucosidcs of these oleanders produce the 
characteristic tingling sensation. 

(b) Dissolve the residue in about one c.c. of water and 
inject the solution into the dorsal lymph sac of a frog — in a 
few minutes convulsions set in which are followed by para- 
lysis and death. This test requires slightly larger amount of 
the glucoside than what is required for the tongue test. 

3 , Indian* Hemp. ‘ Cannafiis sativa Linn. (Cannabis 
indica Lam.) 

This plant belongs to the N.O. Urticaceae and grows all 
over India. It was known in ancient times in India and 
there is reference to bhang (Sanskrit bhdnga) in the Vcdic 
literature. It is cultivated by provincial Governments as 
their monojxily and yields a substantial excise revenue. In 
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Bengal it is cultivated in Nowgong in the district of JJ^jshahi. 
Elsewhere it is a prohibited plant, though occurring as a 
roadside weed in many places* 

The leaves^ flowering tops and the resin obtained from 
leaves and stems of C. saUva are used as intoxicants. The 
mature leaves, mixed with its fruits, are known as bhang 
or siddhi which is taken as a beverage or sharbat to produce 
slight intoxication followed by sleep. The flowering tops of 
the female plant with its resinous exudation, pressed and 
matted, are known as ganja while the resin exuding from the 
leaves, young twigs, stems and even from the flowering tops 
is called charas or hashish which is a greyish brown pasty 
substance pressed into cakes. Both charas and ganja are 
smoked in small chtlams either in pure form or mixed with 
tobacco. In Egypt hashish is usually smoked in cocoanut 
hookah known as goza, and also eaten as a special prepara- 
tion containing sugar, butter fat and various flavouring sub- 
stances, The charas available in this country is imported from 
Chinese Turkistan (Yarkand). It is also prepared in this 
country from Canna- 
bis plants which grow 
at an altitude of 6 to 
8,000 feet in the dis- 
tricts of Garhwal and 
Kunriaon. The bhang 
or siddhi is also used 
in making majun or 
modak w^th sugar, 
ghee, spices, etc,, 
which the Kavirajes 
prescribe as an appe- 
tizer or aphrodisiac, 
an oveudosc of which 
causing intoxication of 
a sensuous character. 

The cases of poison- 
ing from different 
Indian Hemp products 
are usually accidental 
due to overdosage, although homicidal attempts are occa- 
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sionally^made by administering them with food or drink or 
with tobacco for smoking. They are also criminally used as 
stupefying drugs for purposes of robbery by the professional 
poisoners in railway trains (see datura). They nave lately 
been used in this country for 'doping* race horses. 

Active Principles of C. sativa.'— Many resinous 
substances such as cannabinoh cannabinonc, ctc»^ believed to 
be the active principles of ganja or charas have been des" 
cribed by different workers but until recently no serious 
efforts appear to have been made to determine their exact 
chemical composition and to assay their physiological 
activities. Cannabinol. an oily substance obtained by 
distilling the resin, was believed to be ^ pure substance with 
a definite chemical composition and was hela to be respon-' 
sible for the physiological action of C. sattva. It was 
subsequently found that the cannabinol of one worker was 
not identical in chemical composition with that of a later 
worker. Recently Work, Bergel and Todd (Biochem. Jour., 
Part !. 1939) have isolated pure cannabinol having the 
formula C21H2GO2 from the crude cannabinol of previous 
workers. The pure cannabinol is a colourless oily liquid and 
forms with p-nitrobenzoyl chloride a crystalline compoundr 
cannabinobp'nitrobenzoate. It is a highly toxic Substance 
and produces convulsions and death in a rabbit if injected as 
a 0*5 per cent acetone solution in a dose higher than 2 mgm. 
per kilo of body weight. From the same crude cannabinol 
they have further isolated a non'Crystalline p-nitrobenzoate 
of cannabinol which on hydrolysis gives also an oily liquid 
(almost colourless) but this oil when injected in the same 
way in a rabbit in doses up to 5 mgm. per kilo of body 
weight produced profound sleep followed by death but no 
convulsions. In doses of 5 mgm. or more, the animal first 
got sleep and then died after convulsions. The fraction of 
"pure cannabinol which gives the crystalline derivative does 
npt produce the characteristic anaesthesia of the cornea 
{Gayer effect) which was first demonstrated by Gayer by 
injecting subcutaneously in rabbits, cats and mice an extract 
of the cannabis resin. On the other hand the fraction of 
cannabinol which neither gives the crystalline derivative nor 
produces convulsions but produces sleep# gives the Gayer 
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test in 2 dose of 0 25 mgm. per kilo of body weight. It is, 
therefore, evident that the resin of C. sativa contains at least 
two different toxic principles. 

The fraction producing the crystalline derivative loses 
its toxicity in about 3 days when exposed to the air while 

other fraction retains at least 25 per cent of its toxicity 
even after exposure for 6 months under the same conditions. 

Extraction of Cannabis Hesin from the Urine, 
Stomach Contents, etc. — The acid ether extract from the 
Stas-Otto process conuins the resin which can be identified 
by sofne of the well known chemical tests described . below. 
As cases of fatal pqik)ning by Cannabis have so far not been 
recorded, no i|ivestigation appears to have been made by any 
toxicologist to find out if the toxic principles are retained in 
the different organs of the human body. There is, however, 
no doubt that sdnie active constituents of the Cannabis resin 
which ^ve the characteristic chemical tests, are eliminated in 
the urine. By actual experiments on horses carried out 
with the help of the Royal Calcutta Turf Club by feeding the 
animal with bhangs we have found that the acid ether extract 
from the urine gives some of the specific tests described 
below. 

Tests for Cannabis 

(») Beam's Alkalt Test . — Purify the extract, if neces*- 
sary, with animal charcoal for removing the colouring matter, 
particularly the chlorophyll of the crude drug. Evaporate 
to dryness in a porcelain basin and add a few drops or alco- 
holic potash (5 — 10 per cent) — when a violet colour gradually 
develops which may be hastened by warming. 

This test may also be carried out in the following way : 
Dissolve the residue in a few drops of petroleum ether, soak 
a piece of filter paper in this solution and allow it to evapo- 
rate. Add a drop of alcoholic potash to the dry paper — the 
violet colour appears more rapidly. 

(it) Beam's Acid Test . — Dissolve the residue in a few 
drops of petroleum ether and all a few drop5 of absolute 
alcohol saturated with dry HCl gas — ^a red colour is produced. 

N*B, Galenical preparations such as tincture of 
Coftnabts indica often fail to give this test. 

34 
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(w) Bouquat's T«t— Dissolve the purified (with 
animal charcoal) residue in a few drops of acetone, * 

few drops of freshly prepared mixture of cone. H,SU* 
(2 vols.) and absolute alcohol (3 vols.) the mixture 
darkens and a cherry, red colour develops in about an hour. 
On adding a few drops of water, the colour disappears and 
the mixture becomes opalescent. 


(iv) Aldehyde Test.— To the residue in a porcelain 
basin add a few drops of the reagent (prepared by dissolving 
1 e. of paranJimethylaminO'benzaldehyde in loo c.c. ot alco- 
hol and then adding 20 drops of cone. H|SOJ and evaporate 
the mixture to dryness— a bright violet Colour is produced. 

N.B.' It may be noted that all the cofour ^ests described 
above give satisfactory results if appb^ to the resin extracte 

.directly from ganja and charas or rii°r^ 

.containing the resin in appreciable amounts. The fiftt 
tests produce only faint colour reactions with bhang which, 
however, is best detected by nucroscopic examination. 

(t;) Murroscotnc ExamtnaUon.-Jlns is the ^^e 

t fnr hhane eanja, charas, modak, etc., if the drug is 
test for , if the botanical structures were 

present in its crude state, i.e., n 

stomach contents, vomit, etc. The 
, most characteristic structure is 
the retort-shaped, short, uni- 
cellular hair conuinmg a cystohth 
at the root (see Fig. 55 )- It ^ 
found in fair number along wth 
the long ordinary hair which 
rMssesses no cystolith. In sornc 
cases the hairs inay be found m 
broken condition, the cystolith 
being detached from the tapenng 
end of the hair. The examina- 

SroStotgiJal'features of the hair will be seen distinctly. 




OXIDATION ON POTENCY OF CANNABIS RESIN 53 1 

The ganja hair appears smooth (a) while the hair found in 
charas shows warty surface (b). 

In the case of modak, remove ghee^ sugar and other 
substances by washing successively with petroleum ether, 
alcohol and hot water. Treat the residue with dilute alkali 
and then examine under the microscope. 

Particles of ganja or charas mixed with tobacco or any 
other dry substance are readily identified by the following 
method : Remove the foreign matters as far as possible, rub 
the suspected nuterial in a mortar with little water, add 
some chloral hydrate solution (50 g. of chloral hydrate and 
20 c.c. of water), fnix and transfer the mixture into a test 
tube. Boil for a few seconds when the finer particles will 
float on the surface. Remove a drop of the liquid containing 
the floating material with a lifter and examine under the 
microscope — the characteristic hair will be seen in fair 
number. 

Effect of Oxidation on the Potency of the Active 
Principles of Cannabis sativa.~It is observed that ganja 
loses considerably its physiological potency on keeping and 
old sample may be absolutely fr^ from its intoxicating 
properties for which it is smoked but the resin obtained from 
such samples gives the specific chemical tests all the same. 
For assaying the potency of ganja or charas feeding experi- 
ments on dogs hitherto considered most reliable are now 
found open to serious objections, the most important of 
which is the want of uniformity of signs and symptoms in 
all cases of ganja or charas intoxication, A veteran ganja 
smoker is on the other hand found to be a competent judge 
of the potency of these drugs. He would express his opinion 
on the potency of a sample of ganja or charas ift terms of 
"annas\ sixteen annas being the 100 per cent potency, and 
detect a difference of two annas, i.e., about 12 per cent, 
without much difficulty. This fact is taken advantage of in 
provincial excise laboratories for bio-assay of ganja and 
charas. 

It is claimed by certain workers that the specific rota- 
tion of the petroleum ether or carbon tetrachloride extract 
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of these drugs gives a definite indication of its potency but 
we found it useless in our experience, 

Jequirity or Indian Liquorice. AbruM precaiorius 

Linn. ^ 

This climbing plant belongs to the N.O. Leguminosse 
and grows wild all over India. Its seeds arc egg‘*shaped 
with a beautiful scarlet colour having a deep black spot at 
its upper end which is attached to the fruit. It is known as 
kunch in Bengal and rati or gumchi in Northern India and 
gundumam in Madras. The seeds arc used bv Indian gold- 
smiths for weighing silver and gold* each seed weighing on 
an average about i| grains. White and brown seeds are 
also found. 

The kernel of the seed is usually employed for killing 
cattle by professional cattle poisoners. It is made into a 
paste and then rolled between the fingers to forfn small 
needles or sut which become quite tiard on drying in the 
sun. Thtse needles arc inserted in the soft tissues of the 
cattkst c.g., in the perineum, udder, etc. It is alsd used for 
homicidal purposes by holding the sui between two fingers 
and then slapping on the cheek or any other part of the body 
in such a way that the needle is inserted in the Subcutaneous 
tissue. After a few hours it produces inflammation, pain 
and possibly some necrosis on the site, and subsequently 
general toxaemia and death. 

A small particle of the kernel if put in the lower con- 
juctival sac of the eye for a few seconds, it produces 
conjunctivitis. This property is taken advantage of by those 
who want to shirk military or other duties. A few cases of 
malingering of this type had lately been detected in the 
Army." 

Active Principlca of Abrus prccatorius 

The toxic principle of Abrus is a toxalbumin or phyto- 
toxin called dmn, Abrine, another substance originally 
believed to be an alkaloid, has now ^cn proved to be 
a-methylamino-i^-3-indolyl propionic acid. Certain other 
prindpfes having agglutinating action on red blood cells, and 
some enzymes and organic acids are also found in Abrus. 
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Abrin resembles ricin (present in castor oil seeds), 
crotin (present in croton see«) and snake venom in their 
action on the human system. When taken 1 ^ the mouth, 
abrin undergoes digestion and produces no toxic effect if the 
mucous membranes of the alimentary system are uninjured. 
If it is injected subcutaneously or applied to a wound, it is 
rapidly absorbed and produces acute symptoms of poisoning 
and death. 

Extraction of the Poison. — As abrus is not given 
^ith food or drink* its detection in stomach contents* vomit* 
urine, etc*, is not called for. The particles of su» may be 
found embedded in the tissue where it is inserted and the 
examination of the tissue suspected to contain the particles is 
required in such cases. As abrin is an albuminous substance* 
the usual process of extraction by alcohol and other organic 
solvents is not applicable. In a case of abrus poisoning, the 
suspected particles are to be picked up carefully and an 
aqueous solution of the same is to be tested physiologically. 
No chemical test has yet been worked out. 

Teit» for Abrus 

(i) If the original 5Ui or a fragment is available* insert 
it under the skin of the inner side of the thigh of a fowl — 
inflammation sets in a few hours followed by necrosis at the 
site of insertion and the fowl dies in about 24 to 36 hours. 

(u) If sut is not detectec^ take a small portion of the 
tissue suspected to contain the particles of abrus, make into 
a paste with a few drops of water* dilute it to one c.c* with 
water and inject a portion of the solution into a healthy 
fowl as described above. The bird will develop thfe^ charac- 
teristic signs and symptoms if abrus is present. Dissect 
carefully the site of injection and look for necrosis of the 
tissue. 

(in) If small non-toxic doses of abrin arc inj^ted at 
regular intervals into a susceptible animal, an antibody is 
formed in its blood and the animal becomes immune against 
*a toxic dose of the poison. The blood serum obtain^ from 
ahis immunized animal acquires the property of giving a 
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precipitate if added in suitable dilution to a diluted solution 
of abrus* This precipitin test is carried out with the anti- 
abrin serum* available in the market This serum is also 
used in veterinary practice for the treatment of abrus poison- 
ing if detected early* 

N^B. As the precipitin^ test is a very delicate one 
requiring much skill and experience, it is best done by^ 
specialists in this line. 

Extraction AbVin from Abrus Seeds — Remove 
the seed envelope, rub the kernel in a mortar with 4 per cent 
NaCl solution in which abrin is soluble. Allow to settle and 
separate the NaCl solution of abrin. Repeat the process 2 
or 3 times more. Filter the combined extracts and con- 
centrate in vacuo. Acidify with acetic acid and saturate with 
NaCl to precipitate the abrin. Separate the precipitate and 
purify it by dialysis in a parchment dialyzer for several days. 
Finally dry the residual abrin in vacuo over sulphuric acid 
when an amorphous powder is obtained. 

Agglutination Test for Abrin — Take 2 c.c. of defi- 
brinated blood (not diluted) in a small test tube and add to 
it I or 2 drops of abrin solution (o’l g. dissolved in 10 cx. 
of 4 per cent NaCl solution), the red blood corpuscles 
agglutinate into a mass resembling sealing wax. 

The agglutination is also observed under the microscope 
by mixing a trace of the abrin solution with a drop of 
defibfinated blood, the clunfping of red blood cells takes 
place in a few minutes. ^ 

Abrin, in common with other toxalbumins such as ncin- 
and ciptin, coagiilates milk. 

5. Croton. Croton tiglium Linn 

Croton belongs to the N.O. Euphorbiaceae and grows 
all over India. The seeds as well as the oil extracted froih 
them arc highly poisonous and are used in indigenous systems 
of medicine. Cases of poisoning by croton arc mostly* 
homicidal and occasionally accidental. It is sometimes 
used as an abortifacient. Tlic poisonous action of the scecJ 
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is due to its oil as well as the toxalbumin crotin present in it. 
The seed is known as joypal in Bengal* jamdgoUi in 
Northern India and nemalafn in the Madras Presidency. 

Active Principles of Croton 

CroUn, a toxalbumin or phytotoxin, resembles abrin in 
its agglutinating action on red blood corpuscles (see p. 534)* 
A glycoside, crotonoside (6-amino-2-hydroxy purinc-'d'- 
riboside)* has lately been isolated from the seed. Croton 
oil, extracted from the seed, is a powerful drastic purgative. 
It contains a vesicating resinous substance, crotonoleic acid* 
palmitic, tiglic (methyl crotonic acid), etc. Croton oil dis*' 
solves readily in abwlute alcohol, ether, chloroform, benzene, 
etc. The solubility of this oil in alcohol renders it suitable 
for extraction from viscera and other materials by the Stas^ 
Otto process. 

Extraction of Crolon — In poisoning by croton seeds. 
It is not necesary to make any attempt for the isolation and 
detection of crotin. The detection of the oil which is easily 
extractable serves the purpose quite well. The extraction of 
croton oil is carried out in the following way : Proceed 
with the Stas-Otto method of extraction. The acid ether 
extract (stage c. p. 428) which contains the oil may be 
submitted to the tests described below. 

If there is any definite history of croton poisoning* the 
method of direct extraction of the oil with ether may be 
employed instead of going through the time-consuming 
Stas-Otto process. For direct extraction with ether, acidulate 
the material (stomach contents, vomit or viscera) with 
tartaric acid and add slowly with stirring a sufficient quantity 
of ether to cover the material. Allow the ether layer to 
separate^ and decant. Repeat the process several times 
when the oil will be completely extracted. Evaporate the 
ether extracts and apply the specific tests to the residue. 

Tests for Croton Oil 

(1) Dissolve the oil by vigorous shaking in twice the 
volume of absolute alcohol. Layer the alcoholic solution 
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over an equal quantity of caustic soda solution (about 40 per 
cent) or saturated alcoholic potash in a test tube, a brownish 
red or reddish violet ring develops at the junction of the 
two liquids if the oil extracted is pure and present in suffi- 
cient quantity. The reaction is hastened by warming. 

(li) To the residue (ether extract) add drop by drop 
an alcoholic solution of p-dimethylaminobenzaldehyde (i per 
cent solution in 95 per cent alcohol containing one per cent 
cone. HjS 04)» a transient red colour may be noticed. On 
adding 1 or more drops of the reagent, a transient pale blue 
colour is seen. Evaporate to dryness, the residue becomes 
brownish red or purple which changes to pale blue colour 
on adding a little more of the reagent (Bamford’s Poisons. 
1940). This test also depends on the amount of the oil 
extra ctecL 

(in) Physiological Tests. — (a) Apply a small drop ol: 
the oil to the skin of the inside of the forearm or gently 
rub it, signs of irritation will be noticed after a few hours 
and vesication follows next morning. 

(b) If the amount of the oil is very small, no irritation 
or ve^cation is likely to be produced. In such cases, apply 
a trace of the residue to the tip of the tongue and gently rub 
it with the tip of the finger, in a few minutes a burning sen- 
sation of the tip of the tongue with a peculiar sense pf 
dryness of the throat will develop. 

(c) Agglutination Test for Croton . — For extraction of 
crotin and performance of the agglutination test with crotin, 
proceed as in abnn (p, 533). . Crotin also coagulates milk. 

6. Madar. Calotropis gigantea R. Br. and C. procera 

Calotropis is known in this country from ancient times 
for its medicinal and other properties. It is traced to the 
Vedic literature; the sacred soma juice is believed to be the 
fermented sap of a species of calotropis. TTe vernacular 
name madar comes originally from its Sanskrit name mandara 
or arha. It is known as akanda in Bengal and ok, akwan 
or madar in North^im and Western India and erukku in 
Tamil and mandaramu in Tclcgu. 
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The plant belongs to the N.O. Asclepiadaceae and 
grows wild all over India. The common purple flowered 
variety is C. gigantea and the 
white flowered one is C. pro^ 

€craf both of them having the 
same chemical and physiologi- 
cal properties^ The milky juice 
obtained from the leaves, 
stems, barks, etc., gives a kind 
of gutta-|>ercha which is not 
of any commercial importance. 

The powdered bark of the 
root and particularly the milky 
juice from the leaves and 
stalks are used for various 
criminal purposes, viZ-f for 
homicide, suicide and infanti- 
cide and also as a cattle poison 
but most commonly for pro- 1 

curing abortion. The milky juice is a powerful irritant both 
internally and externally; when applied to the skin, it pro- 
duces redness and even vesication. The small sterns are 
often used as abortion sticks which are inserted into the os 
uteri. The root, particularly of the white flowered calotropis, 
IS a powerful poison to cobras and other poisonous snakes 
which cannot stand even the smell of it. It is always carried 
by the snake charmers of Bengal to control the newly caught 
and unruly cobras. We demonstrated the action of the root 
on an enraged cobra which when going to strike with its 
expanded hood, shrank its hood at once and retreated to its 
shelter on smelling a small piece of the root held in front of 
Its head. Both procera and gigantea are used in Africa as 
arrow poison and hence also known as ‘‘African arrow 
poison/^ 

Active Principles of Madar 

Hesse, Rcicheneder and Eysenbach (Annalen, 1938) 
isolated from C. procera and gigantea Uscharin (0 45% of 
the latex), Calotoxin (o' 15%) and Calactin (0*15%). 
The formula of Uscharin is stated to be C3jH4iOaNS, 
m.p 265®C (with decomposition), fatal dose 0 5 y/g. in 
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frogs. Cdotoxin Ca^H^oGjo* m.p. 244^0 (ciecomposition)t- 
fatal dose 07 y/g. in frogs, 

Chen, Bliss and Robbins (], Pharmacol., 1942) isolated 
from C. procera and gigantea the principles Calotro^n, Calo' 
toxin and Uscharin, the toxicities of which compaiod 
Ouabatn as 100 arc: Calotropin 83. Calotoxin 76 and 
Uscharin 58. 

S. Rajagppal Naidu states in his annual report (1936) 
that the milky juice of madar is of acid reaction and clots 
on standing for sometime and gives a clear straw coloured 
scrum. The clot gives a yellowish brown rerin and a white 
crystalline substance C27H46O3. The resin ■ is highly 
poisonous but the crystalline substance is non-poisonous^ 
The sferum is also highly toxic. 

N. Pitchandi (working with S. R. Naidu, 1946) has 
isolated from the serum of C. gigantea a white crystalline 
substance, free from sulphur and nitrogen and having the 
formula C,4H360s and m.p. 2^2^ C (with decomposition) 
which he has named gigantm. It is soluble in alcohol but 
insoluble in water and is highly toxic — 15 to 20 times as 
toxic as strychnine. The minimum fatal dose (intravenous) 
is 0 2 mg. per kilo in dogs, death taking place in 20'6o 
minutes, no convulsions. (Private communication). 

Extraction of the Poisonous Principles of Madar- 

(4) The extraction of the poisonous principles of madar 
from the powdered root-bark or the milky juice present m 
the quack remedies or from the dried juice present in the 
abortion stick is readily carried ©Ut by the following method; 
Reflux the material with absolute alcohol for about 2 hours. 
Filter and evaporate the filtrate to dryness and then apply 
the specific tests to the residue. 

(b) In the case of viscera, stomach contents and vomit 
it is necessary to follow the Stas-Otto process of extraction, 
using absolute alcohol instead of rectified spirit in all its 
stages : Take the finely minced material and proceed up to 
the end of the stage (b) (see p, 427). Divide the combined 
alcoholic extracts into two parts A and B. Evaporate the 
part A almost to dryness and saponify the residue with 
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alcoholic potash and then extract with petroleum ether. 
Keep the alkaline alcoholic solution for ester test. Evaporate 
the ether extract to dryness. Take up the residue in chloro- 
form and treat with a slight excess of digitonin dissolved in 
rectified spirit or ether. Evaporate the mixture to dryness- 
and extract with ether. The ether extract on evaporatiorr 
may pve a crystalline residue if madar is present, but the 
usual impurities coming from tissues almost always interfere 
with the production of a crystalline precipitate. 

Tester for Madar 

For the residue from (a). — (i) Ester Test , — To a 
portion of the residue add i or 2 c.c. of absolute alcohol and 
a little sulphuric acid (1:1) and gently heat to boiling, the 
fruity odour of an ester (like that of a ripe jack fruit) is 
recognized if madar is present. 

(u) To another portion add a few drops of cone. HCk 
a bluish or greenish blue colour develops which is discharged 
on keeping or heating, 

(iu) To another portion add a drop or two of cone,. 
HaS04, a green colour appears which changes to brown or 
purple. With dilute acid, the original colour may be pink. 

N.B. The ester test is more dependable than the colour 
reactions which may be greatly masked by the presence of 
impurities. 

(iv) If the original alcoholic extract is purified and 
allowed to evaporate spontaneously, the residue may give 
some cauliflower like masses or nodules which are believed 
to be characteristic of madar juice (Black's Test). 

For the residue from (b)- — (0 Take a small amount 
of the residue on a procelain plate, add a drop or two of 
cone. H3SO4, a red colour develops which changes to purple 
on adding choloroform and acetic anhydride (Naidu's Test). 

(n) Evaporate the alkaline alcoholic solution nearly to 
dryness, take up in absolute alcohol and filter. To the filtrate 
add some cone. HCl, warm and allow to stand, the charac- 
teristic odour of the ester is recognized if madar juice is 
present. Slight dilution with warm water makes the odour 
more readily perceptible. 



540 ORGANIC AND TOXICOLOGICAL CHEMISTRY 

(itt) Physudogical Test , — ^Takc the second partf (B) 
of the alcoholic extract and evaporate to dryness* Dissolve 
the residue in water Acidulated with acetic acid and filter. 
Treat the filtrate with lead acetate and filter off the prccipi< 
tatc. Pass HjS through the filtrate to remove the excess 
of lead and filter off the lead sulphide. Evaporate the filtrate 
to dryness on the water bath and extract the residue with 
absolute alcohol. Filter again and evaporate to dryness. 
Dissolve a portion of the residue m a few drops of water 
akid inject into the dorsal lymph sac of a frog — in ,a few 
minutes convulsions, set in which are followed by paralysis 
and death. The frog usually shows a bloated appearance. 

7. Cleistanthus collinus Benth. 

The plant C. collinus belongs to the N.O. Euphorbiace^ 
and grows in the hilly tracts of Santal Perganas and 
JSingbhum m Bihar and in Orissa, Madras and possibly in 
other provinces of India, It is known as oduvan in Madras 
and karlajun or pasu in Bihar. The plant has been grown 
in the Botanical Gardens of Sibpur, Calcutta. The leaves 
and barks are commonly used as a paste or decoction for 
homicidal and suicidal purposes and also as a fish poison. 
In autumn, the leaves falling into tanks have been known to 
cause death of a large number of fishes in tanks situated in 
jungles where oduvan grows. 

Active Principles of Cleistanthus Collinus 

Hitherto no serious attempts had been made to isolate 
the active principle of this plant and to study its chemistry 
and toxicology. Naidu ana his colleagues have isolated a 
glucoside having the formula C32H34O12 and termed it 
oduvin. It is a yellowish white crystalline substance (m.p. 
192 — i94®C), readily soluble in alcohol and chloroform but 
-sparingly soluble in ether and water (Jour. SL Proc., Inst. 
Chem., 1944). About 075 mg. of oduvin kills a frog 
weighing alx>ut 10 g. in a few minutes with paralysis. 

Extraction of the Poisonous Princiole.. — Evaporate 
the acid alcoholic extract (stage ‘a’ of the Stas-Otto process) 
to a pasty consistency, dissolve it in warm water and filter. 
Alkalinize the filtrate with sodium carbonate and extract 
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with ethcr-chloroform mixture (1:3)* Evaporate the ether- 
chloroform extracts to dryness* The residue contains the 
active principle oduinn. 

The acid etiher extract of the Stas^Otto process also 
yields this poisonous principle but it undergoes some change 

during extraction although it retains its toxic action to frogs* 

Tests for Odilvin 

(0 Add a drop of cone* H3SO4 to oduvtn — a blue 
colour changing to mauve or permanganate is produced. 

(w) Add a drop of cone. HNO3 — an evanescent a green 
colour develops which changes to brick red. Fuming HNO3 
gives an immediate vermilion colour resembling that of 
brucine. 

(m) The acid ether extract of the leaves gives a green 
colour with cone. HCI and a purple with cone. H2SO4 while 
alkaline ether extract does not give the green colour. 

In some cases the poisonous principle is decomposed and 
cannot be identified by the colour tests described above* In 
this condition, the microscopic examination of the particles 
of leaf usually found in the stomach contents, is of great 
value in identifying the poison. The diagnostic features of 
the leaf have fc^en described in the original paper referred 
to above. 

8. Marking Nut. Semecarpus anacardium Linn. 

The marking nut tree belongs to the N.O. Anacardiaceae 
and grows all over India. The nut contains a fleshy pulp 
from which is expressed a da*k brown, oily, acrid juice which 
turns black when mixed with lime and exposed to air* It is 
used by washermen for marking linen and is known as bhela 
in Bengal, bhxlawan or hhcla in Northern India, and bhib<t 
or biba in the Bombay Presidency. It is used in the indi- 
genous 'Systems of medicine both internally and externally. 
The juice is irritant and possesses vesicating action. Poison- 
ing by the marking nut juice is usually homicidal and 
occasionally accidental. It is also used for procuring criminal 
abortion by applying the bruised nut to the o; uteri. Cases 
have been reported here in which the pure juice or the 
juice mixed with oil was introduced into the vagina as a 
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punishment for infidelity or for taking vengeance by a 
woman on another \voman for alienating the love of her 
paramour. In all such cases severe yedcation and ulceration 
followed causing grievous hurt. 

Active Principles of Marking Nut. — No systematic 
investigation has been carried out on this interesting poison. 

The following consti- 
tuents have been isobted 
by Pillay and Siddiqui 
(Jour. Ind. Chem. 5 oc,» 
1931) from the juice of 
the pericarp of the nut: 

(») Semecarpol, a 
monohydroxy phenol, 
which boils at 185° — 
ioo‘'C (at 25 mm. 
pressure) and forms 
only 0*1 per cent of the 
extract. 

(») Bhtlawanolt an o- 
dihydroxy compound 
which boils at 225° — 
f'ix- 57. 226^0 (at 3 mm. pres 

sure) and forms about 46 per cent of the juice. 

(wi) A tarry non-vobtile corrosive residue forming 
about 18 per cent of the nut. 

(iv) Fatty oils, tannic acid and other acids. 

Extraction of the Poisonous Principle — The extrac- 
tion is carried out by the Stas-Otto method in the following 
manner: Take the material (finely minced viscera, stomach 
contents, vomit, stained cloth, etc.) and proceed with the 
Stas-Otto process up to the stage of the evaporation of the 
alcoholic exttact. Take up the alcoholic residue in hot water, 
faintly acidify with dil. H^SO^ and extract with petroleum 
ether. Evaporate the ether extract to dryness. The residue 
contains the vesicating principles of the marking nut juice. 

Tests for Marking Nut 

(i) Dissolve a portion of the residue in a little alcohol 
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and add a few drops of alcoholic potash — a bluish green or 
green colour develops, 

(it) Dissolve another portion in a little alcohol and add 
a few drops of basic lead acetate solution — a greenish black 
precipitate is formed, 

(hi) Physiological Test . — ^To the residue add a drop or 
two of olive oib^inix them well and rub a drop of the mixture 
into the skin ^about {th of an inch in diameter) of thef 
irmer side of the forearm and keep it covered with a bandage 
for about 4 hours — a blister will form next day or after 48 
hours. The test may be performed on the abdominal skin 
of a cat or a rabbit after depilation. 

As these blisters are very painful and tend to spread 
over the surrounding area* great care should be taken to 
perform this test. If it is suspected that the reaction will 
be strongly p>ositive» the residue should be diluted with 2, 3, 
or more parts of olive oil before it is applied to the skim 
when only an erythema or redness of the skin will be 
noticed. 

N.B. The vesicating action of the active principle of 
the marking^nut juice is destroyed by caustic potash. If the 
petroleum ether residue is mixed with cold caustic potash 
solution, allowed to stand overnight, reacidified with dil. 
HCl and then re-extracted with petroleum ether, this residue 
if applied to the skin as before will produce no blister. This 
property distinguishes it from other vesicating principles 
which arc not affected by caustic potash. 

(iv) For identification of the stain on blisters or to 
<letermine the cause of vesication, remove the epidermis of 
the blister and extract it with absolute alcohol. To the 
alcoholic extract add a few drops of alcoholic potash — a bluish 
green colour will develop. 



CHAPTER XXXVl 

InorganicPoi.on.; Nitrite.. Iodine. Pho.phoru.. Arse- 
Bie and it. Organic Derivative.- Mercjjry. Antimony 
and it. Organic Derivative.. Bari^. Lead. 
Copper. Chromium. Manganeee. 


1. Nitrite. . 

Poisoning from nitrites particularly from sodmm nitriu. 
which IS used in dyeing and textile industry, is fairly c^' 
^n a^^ of aLdental and suicidal poisoning have ^n 
^rtS^from Bengal. Madras and other 
victims are usually the weavers in the countryside 
thev dvc their own yams. The first authentic ca» of suicida 
pTiL^ bT sodium nitnte was reported by the Chemical 

^“IT’mStronTwood .nd co„v.« oxyh.mogloto 

^.Soglobin and Jao a« as .m.am po,»ns on >h. 
mucous membrane of the stomach. 

to reduction of the nitrates pre«nt in food ^nd water y 
indication of nitrite poisoning, n such cases q 

and .o.b.r 

to obtain a cl« necessary. The filtrate conUining 

SSt and"w.bly 

tests for nitrites. 

Te.UforNi^te. 

slighdy^SSed wi* dil. H,SO, {i ii). add a few drops 
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of KI solution and a drop or two of starch solution — a. blue 
colour appears at once. Instead of using solutions of KI 
and starch, a starch-iodide paper may be us^ 

(h) BiSfmrck''Brown Test —To a portion, acidulated 
with dil H^SO^, add a few drops of 0 5 per cent solution 
of metaphenylenediamine hydrochloride (decolourized before 
use by animal jjharcoal)— a brown colour (Bismarck Brown) 
develops. 

(iu) Griess^ltosvay Test. — Two reagents are required 
for this test : (a) 0 3 per cent sulphanilic acid solution in 
20 per cent acetic acid, and (b) 0 07 per cent solution of 
t;-naphthylamine in 20 per cent acetic acid. 

Tp a portion of the extract add 5" 10 drops of 
sulphanilic acid solution and mix and then add 5-10 drops of 
a-naphthylamine solution and mix — a red colouration is 
produced. This is a form of diazo reaction and is a very 
delicate test for nitrites. This reacti9n is used for quantita- 
tive determination. 

(it/) Mo\/s Test. — To a portion of the extract add 
2 c.c. of p-nitraniline solution (prepared by dissolving 03 g. 
of p-nitraniline in 8 c.c. of cone. HCl and diluting to 100 Cx.) 
and heat to about <;o°C for a few minutes, then add 2 c.c. 
of a-naphthol solution (prepared by dissolving 0-4 g. of 
a-naphthol, 0*22 g. of NaOH and 2 g. of sodium acetate 
in 100 c.c. of water) — an orange red precipitate ' of 
p-nitrobenzene-azo-a-naphthol is formed which dissolves in 
little excess of NaOH solution giving a beautiful violet 
colouration. 

This test may also be used colorimetrically for the 
quantitative determination of nitrites. 

Quantitative Delermlnatlon 

(i/) Fop Materials other than Viscera.— Weigh out the materi$il 
(stomach contents, vomit or other substances), mix with enough 
nitrite-free water to make it a thin gruel, acidulate with little exc^ 
of acetic acid and distil in a current of CO^ (to prevent oxidation Of 
HNOj to HNO,). Collect the nitrous fumes in a receiver containing 
some water in which the end of the condenser is dipped. Measure the 
di^IJate and take an aliquot portion in 50 cx. Nessler cylinder. iTo 
this add I cx. each of the Griess-Ilosvay reagents described above, 
mix well and make up to 50 c.c. and wait for 30 minutes by which 
35 
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iim» tl^ PMurirnttm intensity of the colouration is obtained. Match 
the depth of this colour against a aeries of Nessler tubes containing 
known quantities of standard sodium nitrite solution treated exactly 
in the same way as the unknown was treated. 

(a) For Viscera. — Wei^ out the finely minced tissue in a 
beaker, mix with some nitrite-free water, neutralize with dil. NaOH 
solution if the reaction is acid and transfer to a 500 cx. volumetric 
Bask. Add sufficient quanb^ of nitrite-free hot water (heated to 
about 80 **0) to give it a consistency of a thin gmel. place the flask 
on a steam ba^ for about 2 hours with frequent snaki^. Add 
sufficient saturated solution of mercuric chlonde to precipitate the 
proteins, mix, cool to room temperature, make up to 500 cx, mark 
with nitrite-free water and mix again. Filter and take an aliquot 
part of the filtrate (2 to 5 cx. or more according to the preliminary, 
test carried out to obtain an idea of the depth of colour produced) 
in a 50 c-c. Nessler tube, make up to 50 cx. mark with mtrite-frec 
water, add i — 2 drops of cone. HCl, i c.c, each of the Griess-Ilosvay 
reagents, thoroughly mix and allow the colour to develop for 30 
minutes. In the meantime, measure out difierent quantities of the 
standard solution {0*2. 0*5, 10, 2 0 c.c., etc.) in a series of Nessler 
tubes and treat them in the same way as the unknown sample was 
treated. Set aside all the tubes for 30 minutes and match the depth 
of the pink colour of the hnknown solution against the closest of the 
stands^ seflutions. Calculate the result on the strength of the 
atandanl solution matched. 

PrepartUion of the Standard Solution . — Dissolve 4*46 g. of 
chemically pure AgNO, in about 200 c.c. of nitrite-free water, add 
sufl^cient NaCl solution to precipitate AgCl, dilute to one litre, mix 
and allow to settle. Take 100 cx. of the clear supernatant liquid and 
make up to one litre, using in each case nitrite-free water. Each c.c. 
ot the last solution is equivalent to 0 002 mgm. of sodium nitrite. 

2. Iodine 

Poisoning &om iodine is mostly accidental but cases 
of attempted suicide by swallowing tincture of iodine are not 
uncommon and some of them end fatally. 

Extraction of Iodine and Iodides. — Iodine^ is 
eliminated from the system as iodides and rarely as free 
iodine in the urine. \^en it comes in contact with tissues 
or alhuminous fluids it is fixed up partly by the alkali and 
pard/ by the proteins^ and as such free iodine is rarely 
available for extraction. In the blood it is converted mostly 
into sodium iodide and is excreted in this form in the urine 
and faeces. 

As the tincture of iodine contains free iodine^ Kl and 
alcohoh^ detection of appreciable amounts of KI along with 
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alcohol in the material under examination indicates poisoning 
by the tincture* 

For extraction of free iodine from tissues, stomach 
contents, etc., mix the material with water (not necessary 
for the urine) and distil, the vapour being condensed in an 
ice-cooled condenser the end or which is dipped in a few 
c.c* of chloroform contained in the receiver. If free iodine 
IS present in the distillate, chloroform takes it up and becomes 
pink coloured. 

If no free iodine is detected, render the original material 
strongly alkaline with NaOH, mix with water and filter. 
Add some solid NaNOg to the filtrate, mix thoroughly and 
evaporate tfie mixture to dryness in a platinum crucible. 
Carefully incinerate the residue at a low temperature. Dis-- 
solve the ash in water, acidify with dil. H2S04, add somfe 
solid NaNOj and chloroform and shake vigorously for a 
few seconds, chloroform take^ up tht free iodine liberated 
from the iodides and is coloured pink. 

Tests for Iodine 

(i) The purple colouration of chloroform is itself a 
test for iodine. To i or 2 drops of this solurion add 5 c.c. 
of water, 2 drops of starch solution and shake, a blue colour 
appears. 

(u) In the case of urine and stomach washings, the 
following procedure may be followed: Acidify with H^SO^, 
add a few c.c. of freshly prepared solution of sodium or 
potassium nitrite, some chloroform or carbon disulphide and 
shake vigorously when the free iodine liberated from the 
lodides^ will pass into the immiscible ^Ivent and tinge it pink. 

2KI + 2KNO,-h4H,SO^ = 4KHS0^+2N0-f2H,0+I, 
t)aaiitiUtive Determination of loltdes 

As chlorides are normally present in the urine and tissues, the 
ash of the material weighed out for determination of iodides contains 
both iodides and chlorides. As such the total halogens (chlorides 
and iodides) shcbld be determined first and then in another portion, 
the amount of chlorides has to be determined after removing the 
iodides by boiling with H^SO* and NaNOj as described before. 
The difference between these two values gives the amount of the 
iodide. Proceed in the following manner: 

Volharcts Method , — Dissolve the ash of a known quantity of 
the material in water, filter and make up to a known volume. Take 
an aliquot^portion (say 20 c.c.) in a stoppered volumetric flask (500 
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cx.). dilate to 200 — 300 cx. and add drop by drop N/io AgNO,, 
solution with vigorous shaking until the precipitate collects together 
and the supernatant liquid appears colourless. As long as the solu- 
tion appears milky, the orecipitation is not complete. Finally, add a 
httle more N/io AgNO, and again shake. Kender the solution 
strongly acid with about 10 c.c. of HNO, (free from lower oxides 
of nitrogen; it may be prepared by boiling 100 c.c. of HNO, with 
25 cx, of water till it is perfectly colourless) and mix. Make up 
to 500 cx. tnark and filter through a dry filter, rejecting the first 
TO or 20 c.c. of the filtrate. Take 100 c c. of the filtiate, add 5 c.c. 
of a clear saturated solution of iron alum (ferric ammonium sulphate*) 
and titrate the excess of N/io AgNO, with N/io potassium thiocya- 
nate solution till a permanent red colouration is observed. The total 
amount of N/io AgNO, added minus the amount of N/io KCNS 
required for titration gives the amount of N/io AgNO, taken up by 
the chlorides and iodides in 100 c.c. Calculate for 500 c.c. which is 
equivalent to 20 c.c. of the original solution. 

Take another portion (20 cx.) of the original solution (i.e., of 
the ash dissolved in water and filtered), dilute with water to 200-300 
c.c,. acidify with dil. HjSO, {2-3 c c.?). add 0*5 g. to 10 g. of solid 
KNO, and boil the solution until entirely colourless which takes place 
in about 40 minutes. Then add, drop by drop, N/io AgNO, and 
proceed in the same way as described above. The amount of N/io 
AgNO, minus the amount of N/10 KCNS required for titration gives 
the amount of N/io AgNO, taken up by the chlorides. Calculate for 
500 cx. which is equivalent to 20 c.c, of the origanal solution. The 
difference between the first result (for chlorides and iodides) and 
the second result (for chlorides) gives the amount of AgNO, 
combined with the iodides. 

Since i c.c. of N/10 AgNO,=0'Oi27 g. of iodine, and i g. of 
iodine = 1*307 g. of KI, the factor 00166 (ix., 00127 x i-307> 
multiplied by the amount of N/io AgNO, would give the amount of 
iodide (as KI) present in the aliquot portion (20 c.c.) of the solution 
taken for determination. Calculate the total amount of iodides 
present in the known quantity of the material. 

3. Phosphorus ^ 

Poisoning by phosphorus may be acute or chronic ; the 
former is of toxicological importance while the latter, which 
is of industrial or occupational origin, is still unknown in 
this country. 

This ordinary phosphorus or yellow phosphorus, as it 
is called, is poisonous but its allotropic form, red phosphorus, 
is non-'peisonous and does not oxidize in the air. Poisoning 
from yellow phosphorus is rare in this country but cases of 
poisoning in children by eating certain * fire-works ^ w 
frequently met with although they are manufactured with 
non-toxic red phosphorus. The cause of such unforeseen 
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accidents is that certain types of *fire<works' arc manufactured 
with red phosphorus containing a small proportion of yellow 
phosphorus added to it. Phosphrous is absorbed in sufficient 
quantities even from aqueous suspensions and produces fatal 
results, the absorption being facilitated by the presence^ of 
fatty materials and also of bile. 

Yellow phosphorus is a translucent, nearly colourless 
solid, having a consistency of that of bees wax but on keeping 
under water it acquires a yellow colour. It is insoluble in 
water but soluble in 400 parts of alcohol, 102 parts of ether, 
40 parts of chloroform, parts of benzene and 0*9 part of 
carbon disulphide at 25 "'C. It is sparingly soluble in fixed 
oils but readily in essential oils. Its garlic^Iike odour is 
very characteristic. 

Tests for Phosphorus 

(t) Scherer^ s Test . — Take some of the finely minced 
tissues, particularly the stomach with its contents, or some 
vomit or stomach washings in a conical flask (about 500 cc, 
capacity) and cover with cold water if enough fluid is not 
present. Add a few c.c. of cadmium sulphate solution and 
acidify with dilute sulphuric acid. Close 
the flask with a cork in which two slits 
and a groove (to allow expansion of 
air) have been cut. Insert in the slits 
two pieces of filter paper, one soaked 
in 5 per cent AgNOa solution and the 
other in an alkaline solution of a lead 
salt (prepared by adding caustic soda 
to 5 p>er cent lead acetate solution 
until the precipitate first formed is 
Tcdissolved) taking care that the papers 
touch neither each other nor the sides 
of the flask (see Fig. 58). Heat the 
flask in a water bath at a temperature 
of about ^40° >50 °C in a dark room to 
avoid the effect of light on the AgNO, 
paper. If the silver paper darkens while 
the lead paper remains unaffected, phosphorus may be 
present ; if it does not darken, phosphorus is absent. If both 
papers darken, the test is inconclusive, since the change in 
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colour may be due to HjS or to both phosphorus and HjS* 
Addition of cadmium sulphate solution fixes up the HjS as 
cadmium s^hidc and thus prevents it from interfering with 
the test^ The negative Scherer test is cf more value than 
the positive test, as formic acid, formadchyde^ etc., produce 
blackening of the silver nitrate paper. 

(it) MitscheriieWs Test . — It is a confirmatory test and 
depends on the fact that yellow phosphorus volatilizes in 
steam and becomes luminous in contact with air. 

Take sufficient material in a distilling flask and dilute 
with water to bring the consistency of the contents of the 
flask to that of a thin gruel and acidify with dil. H3SO4. 

Add some pure ferrous 
sulphate to eliminate to 
a certain extent the dis- 
turbing influence of 
oxidizing agents if any 
(for instance, the usual 
oxidizing agents pre^ 
sent in match-heads) 
and some ferric chloride 
solution to fix up the 
HjS if any (as indicat- 
ed by blackening of the 
lead paper in Scherer's 
Test) and to prevent it 
from passing over to 
the distillate. Now 
heat the mixture over 
a wire gauze or on a 
sand bath and distil in 
Fig. 59 a dark room, the distil- 

late being received in a 
little water in which the end of the condenser is dipped* It is 
desiriihle to place a black screen of card board or 'tin 
between the condenser and the burner (sec Fig. 59). As the 
distillation proceeds, a beautiful phosphorescence will be 
noticed in the condenser especially at its upper end and some 
ttmes it appears in the form of a luminous ring. 
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NS, The following substances have been known to 
interfere with this test by inhibiting the phosphorescent effect : 
Ethyl and methyl alcohols^ ether, ethyl acetate, benzene^ 
turpentine and other essential oils, carbolic acid and other 
volatile phenols, chloroform, chloral hydrate, sulphuretted 
hydrogen, ammonia, sulphur dioxide, iodine, bromine, 
chlorine, salts of Hg, Cu, and Ag and a few other compounds. 
If no phosphorescence becomes visible, continue distil- 
lation until the greater part of the liquid has distilled over. 
Add a few drops of cone, HNO^ to the distillate and gently 
boil under a reflux to oxidize any phosphorus which might 
have come but did not show any phosphorescence owing to 
the presence of an interfering substance. Concentrate it to 
only a few c.c, by heating on the steam bath and test for 
phosphoric acid. ^ 

Tests for Phosphoric Acid 

(») To a portion of the concentrated solution add a 
few drops of cone. HNO3 and some ammonium molybdate 
solution and boil — a yellow crystalline precipitate of ammo- 
nium phosphomolybdate 12 Mo03(NH4)3P04 is formed. 

(u) Magnesia mixture, containing equal volumes of 
MgClj, NH4CI and NH4OH solutions (about ^o per cent 
each), gives a white crystalline precipitate of Mg(NH4)P04 
which is insoluble in ammonia but soluble in acids. Instead 
of magnesia mixture, a solution of MgS04 and ammonia 
may also be used. 

Quantitative Determination 

The quantitative determination of phosphorus in tissues and other 
materials is a time consuming process and is not ordinarily necessary. 
Simple detection of phosphorus serves the purpose. For details of 
quantitative determination books on advanced toxicological chemistry 
may be referred to. 

4. Arsenic 

Poisoning from arsenic is very common in this country. 
In 193$, the percentage of fatal cases of humari arsenic 
poisoning in different provinces was as follows: North 
Western Frontier Province 43, U.P. and C.P. lo, Punjab 17, 
Bengal 14, Madras 6, and Bombay 4. The ratal casw of 
arsenic poisoning arc mostly homicidal and a few are suicidal 
and accidental. Most of the fatal cases* of cattle poisoning 
(by professional cattle poisoners) are due to arsenic. 
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The following arsenic compounds have been known to 
cause acute poisoning: 

(i) White arsenic, Arsenious oxide, Arsenic tri- 
oxide, AsjOj, . 

(it) Yellow sulphide of arsenic, Orpiment, AsjiSj. 
(m) Red sulphide of arsenic. Realgar, As^Sa* 

(tv) Paris green, Schweinfurt green, G^pper aceto- 
arsenite (C3H30a)3Cu.3Cu ( AsOa)a containing 
^8*5% of AS2O3, used in killing mosquito 
larvae by spraying over cesspools, marshes, etc. 

(v) Arsine [actually diethylarsinc AsH(C,H3)3] 
produced by the action of common moulds such 
as Penicillium brcvtcauU on arsenic compounds 
contained in pigments (wall-papers), etc. 

(vi) Insecticides and vermin killers, e.g., ‘Sheep- 
dip’, ’Rough on Rats’, etc.— the latter contain- 
ing 50 — 70 per cent of 

(vtt) Medicinal preparations such as, Fowler’s solu- 
tion (which contains patassium arsenite), 
Salvarsan, Sulpharscnol, etc. » 

Of these, white arsenic accounts for 99 per cent of 
cases of arsenic poisoning in this country. Red and yellow 
sulphides of arsenic are insoluble and therefore harmless if 
pure, but commercial forms are always impure containing 
quite a Large quantity of AsjO,. The sulphides are usually 
given for procuring criminal abortion but most cases end 
rataUy. Poisoning by diethylarsinc and arsenical insecticides 
or fcirvicidcs has so far not been reported in this country 
while cases of accidental poisoning by organic arsenicals such 
as salvarsan, arc occasionally met with. 

White arswiic is an ideal homicidal poison on account 
of the facts that , being a colourless, tasteless and odourless 
compound it may be mixed with food or drink without rous- 
ing any suspicion, and that it produces signs and symptoms 
simulating those of cholera. It is slowly soluble in water 
and also slightly in alcohol and ether. It is soluble in dilute 
HCl and in solutions of alkali hydroxides and carbonates, 
and as such it is absorbed readily from the stomach as well 
as the intestines. 



REINSCH^S TEST 


553 


Tests for Arsenic 

(i) Sublimation Test — If AS2O3 is given with fooi 
water, milk, tea, etc,, a Mrtion, if it was administered as a 
fine powder, is likely to float on the surface, and if adminis^ 
tered as a coarse powder it may be found as a sediment^ and 
might therefore be detected in the vessel in which it was 
stored or administered. A careful inspection of the vessel, 
the food residue or the mucous membrane of the stomach may 
reveal the presence of fine or gritty particles of white or 
yellow arsenic adhering to them. They should be picked up, 
washed with water, dried and submitted to the sublimation 
test when the characteristic crystals of AsoO^ (Fig. 44, 

р. 424) will be found on the cooler part of the tube. 

(u) Reinsek's Test. — It is of special value in forensic 
analysis as it may be applied to the tissues, stordach contents, 
urine and faeces without previous destruction of the organic 
matrix. The test is rapid and quite delicate requiring no 
special apparatus nor any special skill on the part of the 
analyst. This is carried out in the following way : 

Take the material in a porcelain basin (about 200 — 300 

с. c. capacity). If the material for analysis is solid, e.g., 
tissues, faeces or foodstuffs, add sufficient measured quantity 
of water and one-sixth volume of pure (arsenic-free) cone. 
HCl. In the case of urine, stomach washings, etc., dilution 
with water is not necessary. Suspend a strip of bright, 
arsenic-free copper foil (about 3" by in the porcelain 
basin as described on p. 423 and allow the mixture to boil 
gently. If arsenic is present as arsenious compounds, a steel- 
grey stain or a black deposit will be formed on the copper 
foil at on6e or in a few minutes. If no stain or dep>osit is 
noticed or if the result is doubtful, cool the mixture and 
add a few crystals of KI or ferrous sulphate or some sodium 
sulphite, mix thoroughly and boil again. This process will 
reduce the pcntavalent arsenic compounds (arsenates) which 
do not readily produce the stain, to trivalent arsenious com- 
pounds and the characteristic stain of arsenic will appear in 
a few minutes. If no stain appears, continue boiling for 
about an hour, the volume of the liquid and the concentration 
of the acid being maintained by the addition of water or dil. 
HCl from tttnc to time. If the copper foil remains bright, i.e.. 
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if the test is negative, it may be concluded that arsenic is 
absent in the material or possibly present in a very small 
quantity in the form of an organic arsenic compound which 
requires destruction of its organic matrix for liberation of 
arsenic. If» on the other hand, the copper foil shows a 
stain, it may be due to arsenic, antimony or bismuth or to- 
sulphur compounds and occasionally to carbonaceous matter. 

Now, take out the stained copper foil, wash with dis^ 
tilled water (taking care that the deposit, if any, is not 
detach^ and lost in washing), and then with alcohol and 
ether to remove particles of fat adhering to it. Wipe it dry 
by gently pressing it between the folds of a filter paper, cut 
into small pieces with a pair of clean scissors * and then 
introduce the pieces into a flat or ordinary sublimation tube. 
Gently wanft the lower end of the tube (about one inch^ 
and then heat the pieces of copper, holding the tube in a 
slanting position on a small Bunsen flame — arsenic will be 
oxidiz^ into AsaOj and deposited as a white sublimate on 
the cooler portion of the tube. The preliminary warming of 
the tube as described above helps to form^ larger crystals 
which are easily detected and not mistaken for anything else. 
Examine under the low power of the microscope when 
beautiful octahedral and monoclinic crystals of As^Os (see 
fig. 44) will be found. 

The Rcinsch test detects 0 0001 grain or about 
0*006 mgm. of arsenic. The negative result can, therefore, 
be safely interpreted as to indicate the absence of arsenic in 
a suspected case of arsenic poisoning because the material 
employed in the test will, Jmost certainly, contain much 
m<M*c then 0 006 mgm. of arsenic if the case be a'btually one 
arsenic poisoning. The tables II and V (pp. 56a, 564) 
will give an idea of the" amounts of arsenic likely to be found 
in tissues in acute arsenic poisoning, 

(tit) Manh's Test or Marsh'Berzelius Test . — See 

556 > 

(w) Gutzeit's Test . — Sec page 559. 

(v) Bett^orff^s Test.— This is an important test foi 
arsenic The importance lies in the fact that it can detect 
arsenic in the presence of antimony. The reaction is 
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on the property that inorganic arsenic compounds arc reduced 
by stannous chloride in presence of an excess of strong HCl 
to black arsenic The test detects both arsenious and arsenic 
compounds and also diftercntiates inorganic from orga^ 
arsenicals. Bettendor^s reagent (modified by Winkler) is 
prepared by dissolving i part of crystallized stannous chlo- 
ride SnClj.zHjO in 10 parts of strongly fuming HCI (sp* 
gr. I * 19— I ‘ 20. t.e,, 37 to 39 per cent). The s^ution may 
be slightly brownish (due to traces of arsenic in the acid) but 
becomes clear and colourless after standing for some time. 

Procedure, (a) For Inorganic Arsenicals . — ^Take 2 c.c 
of the acid solution of the ‘oxidized material in a test tube 
add 10 c.c. of the reagent and heat the mixture gradually to 
boiling. Allow to stand for 30 minutes — a brown, brownish 
black or black precipitate of metallic arsenic is formed. A 
better result is obtained if the material is oxidized by the 
Babo-Fresenius method. 

(b) For Organic Arsenicals . — ^Take 3 c.c. of the reagent 
in a test tube and add i c.c. o-f the solution of the organic 
arsenical and warm; no brownish nor any black colour or 
precipitate is formed, but a lemon yellow precipitate or colour 
will be noticed. 

Quantitative Determination of Arsenic 

The determination of arsenic or for the matter of that 
of any metal present in tissues, foodstuflFs, urine, faeces, etc., 
is carried out in two stages, viz., (0 the destruction of the 
organic matter and liberation of the metal as an inorganic 
compound, and (it) the application of a suitable method for 
its actual determination. 

In case arsenic is present in fairly large quantities as 
indicated by the Reinsch test, the ordinary gravimetric 
method ift which arsenic is precipitated and weighed as 
arsenious sulphide may be chosen. If it is present in very 
small amounts, the method of choice should either be the 
Marsh-Bcrzelius or the Gutzeit. 

(i) Destruction of Organic Matter. — Various methods 
have been recommended for destruction of organic matter. 
The Ba^Eresenius method is chosen by a huge number 
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of ^rkcrs in spite of its defects (see p, 421). The nitric^ 
suiphuhe acid method of Ramberg, aiightly modiheeb is» 
however* considered most suitable for this purpose and gives 
imiformly good results in a much shorter time* This iMthod 
has already been described on p. 421. The acid solution of 
arsenic obtained by this method contains arsenic in pjenta" 
valent form which should therefore be reduced to arsenious 
jform by treatment with SOa* HI, etc. (see Rcmsch test* 
p. 425) after diluticm with water. The excess of SO,, 
iodine* etc., is then expelled by boiling for some time. The 
solution is filtered, washed and the filtrate with the washings 
is made up to a known volume, on aliquot portion of which 
is submitted to a suitable quantitative method for determi^ 
nation of arsenic. 

Organic arsenical preparations such as salvarsan should 
also be oxidized by thc^above method for destruction of its 
organic components so that it may be tested both qualitatively 
and quantitatively. 

(ii)Determination of Arsenic, {d) Gravimetric 
Method . — ^Take an aliquot portion of the acid solution or 
the whole amount if necessary and pass H,S till saturation, 
a yellow precipitate of arsenic sulphide AsjS, is forrawL 
Allow the precipitate to settle, filter through a dry, weighed 
<jrooch crucible and wash with water. Pass H^S again 
through the combined filtrate and washings and if any pre^ 
cipitate appears filter the solution again through the same 
filter, wash and dry the precipitate in an air oven at about 
ioo*^C to constant weight. Multiply the weight of As^S, 
by the factor o 8042 to obtain the weight of AsjOj present 
in the aliquot portion of the acid solution takdn. From this* 
the amount of present in the known weight of the 

viscera or other material taken for quantitative determination 
may be calculated. 

(b) Marsh^Berzelius Method , — ^The underlying prin-^ 
ciplc of this very delicate test is the production of arsine 
AsH, (or stibine SbHj in the case of antimony) by the action 
of nascent hydrogen on a soluble inorganic arsenic compound 
and its sub^quent decomposition by heat into metallic 
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arsenic and hydrogcni the former being deposited in the form 
of a grey mirror, 

TTie apparatus in its simplest form consists of a flask 
provided with a tap funnel for generation of nascent hydrogen 
from pure zinc and 
pure H2SO4, a dry- 
ing tube charged 
with lead acetate 
cotton (absorbent 
cotton soaked in 10 
per cent lead 
acetate solution and 
dried) in its first 
half and with granular anhydrous calcium chloride in its 
second half* a special hard glass exit tube drawn out to a 
jet with its tip turned up and a small Bunsen burner. In 
the expensive form of this apparatus* the flask is replaced by 
an electrolytic cell where hydrogen is produced by electrolysis 
of dilute sulphuric acid. 

Procedure, — Blank Experiment , — Take about 15 g. of 
pure granulated zinc in the flask* wash it out with water acidu- 
lated with HCL add 15 c.c. of 10% solution of pure cadmium 
sulphate and allow to act for 15 minutes. The object of add- 
ing cadmium sulphate is to sensitize the zinc which in its 
purest form does not readily react with acids (Chasten 
Chapman). Pour dilute sulphuric acid (i : 6) or dilute HCl 
(50 per cent) into the flask from the tap funnel (see Fig. 60). 
Allow the reaction to continue till the apparatus becomes 
completely free from air which is driven out with the stream 
of hydrogen in about 5-7 minutes. Kindle the gas at the 
jet* it burns with a small steady flame of hydrogen. Heat 
a pcfrtion of^the exit tube with the Bur]scn flame for about 
15 minutes* no stain appears on the tube beyond the heated 
portion if the reagents are all pure and free from arsenic and 
antimony. If any stain appears* throw out the contents of 
the flask, wash with water several ' times* change the zinc 
and other reagents if necessary and repeat the experiment 
to obtain a satisfactory stainless blank. 

At this stage the qualitative Marsh test may be performed 
(to form ap idea of the amount of arsenic present in the 
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MttuHon) by introdufcing through the tap funnel a few cx. 
of the add wlution of the oxidi^ material cont^ng 
araoiic and igniting the gas at the jet when a blac-coloUr^ 
or bluish-white flame appears at once. Heat the exit tute 
as described above, when a grey mirror of arsenic is tormed 
at the cooler portion •f the tube. For better result, p^icu- 
larly in quantitttive work, a portion of the tube immwiately 
beyond mt heated portion is cooled with a sm^ piece of 
fitter paper soaked in water and kept cool by a dn^flow or 
water. This acts as, a condenser and h^s to obtain the 
arsenic mirror, in a clean and compact fom wiA a sl^ 
margin. Instead of heating the exit tube if a cold porcelain 
capsde is depressed on the flame at the )et. arscmc is depwit- 
ed on the porcelain as a shining steel-grey spot which is 
identified by the following tests: 

(1) It is readily soluble in sodium hypochlorite or 

bleaching powder solution (forming arKnat«) 
while the antimony spots produced under *e 
same condition of the expenmcnt is not soluble. 

(2) If the spot is moistened with yellow ammonium 

sulphide and then evaporated by gentle hMtmg. 
a bright yellow stain of 

soluble in ammonia but insoluble in HCl. wl^ 
the antimony spot gives an o^ge coloured 
stain of Sb^, which is insoluble in ammonia 
but soluble in HCL 

U) If it is moistened with a concentra^ rolution 
of tartaric add, it does not diswlve but the 
antimony spot readdy dissolves forming 
(SbOj^C^H.O,. , 

(4) If the spot is dissolved m a . 

dried by gentle heating a whitfch r^due is 
left, which becomes red if touched with a drop 
of AgNOj solution if the stain be arsenical, 
while no change of colour is noticed m the ase 
of antimony stain. 
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continue for about an hour or more so that the whole of the arsenic 
has been used up and the maximum intensity of the stain has been 
produced. Now heat the exit tube at a point about an inch proximal 
to the stain, draw it out and seal it. also the distal end of the 
tube in the same way. The arsenic mirror thus produced in the tube 
is now ready for matching against standard arsenic tubes or mirrors, 
as they are called, prepared in the same way from the standard 
arsenic solution containing known quantity of arsenious oxide. The 
arsenic contems of these standard mirrors usually vary from 1/200 
to 1/50 mgm. but mirrors having much smaller quantities of arsenic 
may also be prepared according to one's requirement. 

Precautions about the Test. — (t) If the evolution of hydrogen is 
too brisk some of the ar^nic may escape without being decomposed 
into arsenic and hydrogen. The action may, however, be controlled 
by putting the flask in an ice bath. 

(u) I^pid evolution of hydrogen and cons^uent production of 
heat may reduce a portion of the sulphuric acid to sulphurous acid 
or even to H,S which interferes with the test. 

(in) The acid solution for this test should be free from chlorine, 
nitric or nitrous acid or salts of silver and mercury (particularly 
HgCL) otherwise the arsenic will be decomposed in the flask and 
the nodra of the mirror will be retarded. 

(iv) The use of HCl in the Marsh apparatus is, according to 
-certain workers, likely to produce a zinc mirror and thus vitiate the 
re^t. The zinc mirror is unlike As or Sb readily soluble in dilute 
acids (Arbuckle and Thies, Am. Chem. Abst., 1928). 

' (c) Gutzeit Method . — The original method has lately 
been consiaerably modified by diflferent workers and the 
modification adopted by tfic British Pharmacopoeia for deter- 
mination of arsenic in drugs is also useful in toxicolo^cal 
investigation. 

The underlying principle of this test is the production 
of arsine (as in Marsh’s test) and development of a yellow 
or brown stain by the action of arsine on silver nitrate paper. 
Silver nitrate originally recommended by Gutzeit has now 
been replaced by mercuric chloride or still better by mercuric 
bromide» both of which produce a stable stain not affected 
by light 6r water as is the case with silver nitrate. 

The Gutztit test is also both qualitative and quantitative. 
It is quite simple and at the same time sensitive and reliable. 
Tbe apparatus (see Fig, 61) consists of a wide mouthed 
botde (about 120 c.c, capacity) fitted with a rubber bung 
through which passes a glass tube 200 m.m, in length and 
6*5 m.m. in internal diameter. The lower end of the tube 
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IS drawn out to a diameter o£ about i m.m* and a narrow 
hole (about 2 in.m, in diameter) is blown on the side* 
The upper end is provided with an ebonite 
disc (25 m*m* in diameter) having a central 
hole of 6*5 man* corresponding exactly to 
the diameter of the tube* The mercuric chlo- 
ride paper (prepared by soaking a Swedish 
filter paper in a saturated soln* of HgCl* 
and dried at about 60'^C in the dark) is 
placed on the e^nite, disc and covered with 
a similar disc (C) having an identical 
central hole and kept in position by two 
spring clams (B in Fig. 61). The HgCI^ 
pap>er behaves like a diaphragm between the 
holes of the two discs through which the gases pass. A piece 
of dry lead acetate paper (prepared by soaking filter paper 
in 10 per cent lead acetate solution) about 100 m.m. in width 
rolled into a coil, is inserted in the tube to hold back any 
HjS likely to be formed there (not shown in the Fig.). 

Procedure— Qualttattve Test.— First perform a blank 
experiment with about 15 g- of arsenic-free zinc, 15 c.c. of 
dilute H2SO4 and 30 c.c. of water. Hydrogen p^scs through 
the tube containing the lead acetate paper and tnen through 
the mercuric chloride paper and a yellowish stain will appear 
on the mercuric chlonde paper if any arsenic is present as 
an impurity in the reagents employed, and a brown or black 
stain on the lead acetate paper if any sulphide is present. If 
this blank experiment proves satisfactory add a few c.c. of 
the acid solution, prepared by destroying the organic matter 
as stated before, a yellow, brown or dark brown round stain 
(A) is formed in a few minutes or at once depending upon 
the amount of arsenic originally present in the material. 
This forms the qualitative test. 

If the stain is faint, it may be intensified by keeping the 
paper in dilute HCl (iti) for two minutes at a temperature 
of 50^ to 6o"C, washing in distilled water and drying, or 
better in normal ammonium hydroxide solution for about 
5 minutes, and then washing and ammonia 

changing the yellow stain to dense coal-black colour. 





QUANTITATIVE GUTZEIT METHOD 


561 


QufttitltatlTe I>eteriiilOBtlon 

Repeat the experiment as before and add a measured amount (an 
Aliquot portion of the total amount) of the acid solution. If the st^ 
obtained by the qualitative test appears to be too deep, a smaller 
quantity of the solution has to be added. Allow the reaction to con- 
tinue for about 40 minutes. If the evolution of hydrogen is not brisk 
(which may be due to the high degree of purity of the zinc used), 
put the generating bottle in a warm bath which will accelerate the 
reaction, or if the reaction is too brisk, place it in an ice to 
obtain a steady evolution of the gas. The stain thus obtained may 
be developed further by treating with ammonia and then matched 
against standard stains prepared exactly in the same way in another 
set of apparatus by takingr different amounts of the standard solution. 

Preparation of Standard Solution of Arsenic. — ^The standard 
solution is prepared by dissolving 100 mgm, of chemically pure and 
dry As, 0 ^ in about 250 c.c. of dilute solution of pure Na,CO,. This 
alkaline solution of ASjO^ is acidified with arsenic-free dil, H^SO^ 
and made up to one litre with distilled water. 10 ex. of this solution 
contains i mgm. of As^O,. The standard solution (strong) keeps well 
indefinitely. It is further diluted by taking 10 cx. and making up to 
one litre, i c.c. of this diluted standard solution contains 0 001 mgm. 
of A«:0,. 

N.B. The diluted standard solution does not keep well and 
should, therefore, be prepared at frequent intervals or better at the 
time of actual determinations. 

Determination of Arsenic in Earth, — The earth soaked with 
vomit, faeces, urine, etc., may be examined in the following manner: 
Prepare the sample carefully by mixing it thoroughly in a mortar 
and weigh out 25-50 g. in a beaker, dilute with water and render it 
alkaline if necessary with dil. NaOH solution. Heat it on a water 
bath for 2 hours with frequent shaking and leave it at room tempera- 
ture for 2j hours Filter through cotton wool and sand, wash, con- 
centrate the filtrate with the washings to a small bulk and filter 
again' through a filter paper. Evaporate to dryness on the water 
bath. Dissolve the residue in dil. arsenic-free HCl, add 
bromine-water and heat on the water bath to destroy the organic 
matter. Remove the excess of bromine by heating, add some 
stannous chloride solution to reduce the arsenic to arsenious com- 
pounds and make up to a definite volume. Take an aliquot portion for 
determination of arsenic by any one of the methods described before, 

Arse^fiic Contents of Normal Tissues, Excreta and 
Food.-As arsenic is widely distributed in naturct exact 
information about the amount of arsenic^ normally present in 
human tissues, excreta, foedstuffs^ etc., is of much importance 
in toxicological investigation. When arsenic is present in 
large quantities in the viscera or urine or stomach contents 
of a suspected case of acute arsenic poisoning, no difficulty 
arises in giving an opinion as to the cause of death but if 

36 
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only a few milligrams are found as in cases of chronic 
poisoning or slow arsenic poisoning, the question of normal 
arsenic content of the viscera, hair, urine, faeces, etc., comes 
in, that is to say, the investigation centres round the question 
— how much of the total amount of arsenic is of extraneous 
origin and how much normally occurs in the tissues or in 
the urine ? The arsenic content of hair, particularly of the 
hair of women, is of much medicolegal significance in cases 
of ‘slow poisoning*. If such hair is divided into three seg- 
ments and each segment is analyzed separately, the arsenic 
contents of the individual segments will be found, to vary 
according to the period of ingestion of arsenic, that is to say, 
the segment yicloing ^hc maximum amount of arsenic would 
correspond to the period when arsenic was being ingested by 
the victim. The following tables would give an idea of the 
amount of arsenic present in common foodstuffs and in the 
normal tissues and excreta of Indians as also in cases of 
poisoning. TTiis investigation was carried out by Bagchi 5 C 
Ganguly and the results were published in the Indian Medical 
Gazette in 1937 & 1941 from which the tables have been 
taken. 

TABLE I 

Arsenic-^cont^nts of normal iissnes. Figures indicate mgm. of 
As.O. per kilo of fresh tissues or parts Per million. 


Tissues 

Minimum 

Maximum 

Liver 

1-8 

2-5 

Kidney 

0*75 

I 0 

Stomach 

0*07 

0-5 

Spleen 

Nil. 

006 

SmaJl Intestine 

0*25 

0-5 

Heart 

Nil. 

005 

Blood 

Nil. 

007 

Lungs 

Nil. 

Nil. 

Brain 

— 

004 

Bone 

1-6 

2 'I 2 

Tooth 

1*6 

20 

Hair 

1*2 

I 62 

Skin. 

y. i'25 

175 

Thyroid 

1-25 

1-50 

Mammary gland 

i '5 

2*5 

Teatis 

NU. 

NU. 

Ovary 

005 

012 

Uterus 

NU. 

NU. 

Placenta 

- 075 

I'l 


Average 


2*05 

0-82 

0-34 

0*024 

0*41 

003 


1-83 
I '76 
1*29 
I '50 
1*3 
1*76 

0085 


o 
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TABLE n 


Arsenic-contents of tissues in suicidal and homicidal 
cases. Mgm. of As^O, per kilo. 


* Tissues 

Case No. 

I Case No. 2 

Case No. 

Case No. 4 


Suicide 

Suicide 

Homipide 

Homicide 

Liver 

279*3 

6673 

333*0 

372*0 

Kidney ' ... 

1887 

589-4 

217*0 

23S'8 

Stomach 

6o-o 

903-7 

412*0 

403*0 

Lungs 

n ‘6 

. 

28-0 

370 

Spleen 

67 


15*0 

17*0 


TABLE III 


Arsenic-contents of normal urine and fceces. 
Mgm. of ASjOg per litre or kUo. 


Mimmwrm 

Maximum, ^ 

Urine ... ... 0004 

Faeces ... , ... 0*17 

0075 

0*50 

V 

TABLE IV 


Arsgnic-contents of some common foodstuffs from the C<^cutta 
market. Milligrams of As^O, per kilo of fresh materials. 


Mutton 

... 0*33 

Potato, patol, green 


Beef 

... 0*43 

plantain, pumpkin, 


Chicken 

Rohit fish 

... 0*14 

jhinga, green papaya, 
lady's finger, carrot, 


(Labia Rohita) 

0-36— 0*66 

beet 

. Nfl. 

Lobster (edible 


Cabbage 

. 012 

portion) 

1*42 — 1*70 

Cauliflower 

. 0*036 

Hilsa fish 

... 3*0 

Spinach 

. 003 

Sea fish 


Pflce 

. 0*2 

Pomfret 

... 3*13 

Dais (5 kinds) 0* 

I 0*26 

Sole 

... 2*6 

Wheat flour 

, 0*06 

Plaice 

... 3*2 

Orainge, guava, mango. 




tomato, tamarind 

.. Nil. 

Banana (Martaban} 

... 0*04 

Grapes 

,, o*oo6 

Apple (imported) with 

Bread 

.. 006 

skin 

... 0*01 

Cake 

.. 0*12 

Raisin, pistachio, almond, 

Rasagolla 

.. 0 08 

walnut, ground 


Sandesh ... 

.. o*o8 

nut 

0-II--O-54 

Sea water (from Puri) , 

.. 0*38 

Cocoanut 

... 0*036 

Calcutta tap , water . 
Aerated water (soda) 

. 0*004 
...0*008 
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Tablb 

Cow milk ... 
BtifEalo milk 
Human milk 
Cofndensed milk 
Ghee 

Mustard ^ 

Hydre^PBoated fat 


IV, Arsenic-conUnis (Continutd^ 


oil .. .. 005 

o*Jt Be^iar (Indian) 0*05 

Gittcoae (iin|)orted) ... 0*008 
019 Baby food (xmportedO ... 0*02' 
0*09 Common salt (Indian) ... 0-06 
0*12 I^ed pepper ... 002 

,p*o6i Ginger, turmeric ... Nil> 


Orfanic Araenical*.— Quite a large riumber of 
trivalent organic compdunds or arsphenamines, such as sal' 
vatsan, sulpharsenol. etc., juid similar pentavalent compounds 
such as soamin or atoxyl, stovarsoL carbarsohe, etc., have 
been synthesized for the treatment of syphilis and other 
diseases. They are extensively used in m^cine and many 
cases of severe arsenic poisoning haVe been known to occur 
some of which having ended :btally. They have thus 
introduced liew problems in toxicological analysis. 

The arsenic-contents of the various organic arsenicals 
vary in different compounds. For example, salvarsan con- 
tains 29-30 per cent, of arsenic (although theoretically it 
should contain 4$3'6 per c^t), neosalvarsan about zo per 
cent catbarsone about 29 per cent, stovarsol about 27 ,ptr 
cent, itoxyl about 25 pet cent (ffiebtetical value being 31-3 
per cent in anhydrous samfiles} and sulpharsenol about «> 
per cent of arsenic. 


Atojnl and a few other pentavalent compounds are 
eliminatta quickly and coi^letely through the kidneys while 
salvarsan and heoaalvarsan and posaiUy the other arsphena- 
mines are excreted skmdy although they appear in the urihb 
just a few minutes aftiK theit administration by the intra- 
vdious ' mute. A£U!x $ ho^ l^lvarsan or neosalvarSan 
ceases to appear in the utine (Autenrieth) although the 
di^tination <rf the arsenic dubugh the kidneys (possibly in 
fwm) continues for weeks. It is stated that about 
14 {M cent of the arsenic derived from salvarsan is ^minated 
in the urine in 14 days but its excretion thi^gh the 
may be much than ^t through the kidneys, aS inUch 

as 54 {tet cent of the arsenic may be eliminated through the 
hec^ in <me we^ In fatgl cases of salvat^ poiK^ng, 
apprfmble . quanthies ^ ancaic are fottod in the tjswies 




P(>|SCtf^ING BY PRqANIC AR^iqALS 565 

^metimcs several weelcs after the la^t injectipn. The table 
given below (Table V) gives an idea pf the amount of 
arsenic usually found in tissues in such cases of poiwning 
and thereby indicates the slow process of elimination of 
organic arsenieals from the human system* A dose pr 0 9 g* 
of ncosalvarsan would introduce into the system al^ut 
018 g. pr 27 grajns of As (equivalent to about 3-5 grains 
pf AsaOa) which is much higher th^ the minimum fetal 
dose {2 grains) of AsaO,, bpt as it is in organic form its 
toxicity is considerably less than that of soluble inorganic 
arsenicals and therefore no poisoning occurs* In certain 
cases symptoms of poisoning develop and end in fatal results, 
possibly due to partial decomposition of the drug into some 
toxic products* 


TABLE V 

Arsenic-contents of tissues in poisoning by neosalvarsan and other 
Organic arsenicals. Figures indicate milligrams of ASjOg 
Par hilo of fresh tissHes. Taken from the records of the 

Chemical Examiner, Bengal, ^ 


Case I 

An Anglo-Indian girl, aged 19. 
died two weeks after the last 
injection in a course of neosal- 
varsan. Committed suicide by 
taking oxalic acid. No indica- 
tion of arsenic poisoning before 
death. 

» Case II 

A Bengalee Hindu girl, aged 
19, died six days the 

second injection of 2 c.c. of 
solusalvarsan. Developed arsenic 
encephalitis on the third day. 
Brain not received for ana- 
lysis. 


Liver Kidney Stomach Intestine 
33 30 07 — 


Pefection of Salvarsan in the Urine. — ^Take 8 c.c* 
of the uriqe in a test tube, acidify with 6^8 drops of HCl, 
cool in ice water, add 3-4 drops of 0 5 per cent solution 
of NaNO,. Pour gently a few c*c. of this mixture on 
5-6 c.c* of a 10 per cent colourless solution of resorcinol 
made alkaline with 2<'3 c*c* of 20 per cent solution of Na,CO»* 
Allow to stand for sometime/ a dark red zone appears in the 
upper liquid or on mixing both the solutions^ a red colour 
develops. 
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Atoxyi urine gives a purpli^-rcd or orange colour if 
tested by the above method and normal urine gives a yellow 
colour* 

^ DetMtion of Salvarsan in the TiMues* — Mix the 

finely minced tissue with water, acidify with tartaric or 
hydrochloric acid and evaporate to dryness. Extract this 
re^ue 2 or 3 times with hot 90 per cent alcohol on a water 
bath, filter and evaporate the filtrate to a syrupy residue. 
To this residue add an excess of absolute alcohol, a few c.c* 
at a time and stirring with a glass rod to mix them 
thoroughly. The alcohol takes up the arsenical and preci- 
pitates the tissue material. Filter and evaporate the alcoholic 
extract to dryness. Take up the residue with warm water 
and examine the aqueous solution by Bettendorff's reagent 
(see p. 555) and also by the test (diazotiration and coupling ' 
with rcMfcinol) described in the preceding paragraphs. 

TABLE VI 

Tests for Differentiating Arsenious from Arsenic Compounds, 


Arseoions compounds. Arsenic Compounds. 
IV^ents • Arsenites, Arsenates. e,g., 

' K,AsO,, ASjO, K.AsO^, As,0, 


Cone. HCl A yellow precipitate of 
and H,S. As^S, soluble in caus- 

tic alkalies, ammonia. 
AnijS. etc., producing 
thio-arsdnites: 
+3(NHJ,S=. 

2(NHJ,AsS, 
As,S,-f’6KOH = 
K^VsS.-h K/^,+ 
3 H,0. 

AgNOj (in A yellow precipitate of 
neutral silver arsonite 

solntioo). Ag.AsO^, soluble in 

ammonia and dilute 
acids. 

CuSO^ A bjdght green prcci|)i- 

n 0 n t r al tate of cupric arsemte 

solution). CuHAsO, (Scbcelc's 

green). 


No precipitate until As 
(ic) is reduced to As 
(ou^ by passing H,S 
through boiling solu- 
tion for a longer 
period. During reduc- 
tion sulphur is pre- 
cipitated. 
2As,0,-fH,S« 

As^O. 4-411,0 4 - 4S' 

A reddish brown or 
brickred precipitate of 
silver arsenate 

, Ag.AsO^^ soluble in 
NH,OH and dUute 
acids. 

A pale blue precipitate 
of cupric arsenate 
CuHAsCL. 
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TABLE Wl— Continued. 


Arsenious compounds, 

Arsenic Compounds, 

Reagents, 

Arsenites, e.g., 

Arsenates, e.g.. 

f 

K^O,. As A 

KjAsO^, ASjOj 

Magnesia mix- 
ture (contain- 
ing MgSO^ or 
MgCJ, with 
excess 0 f 

NH,Cl and 
ammonia). 

No precipitate. 

A white crystalline 
precipitate of 
Mg(NHJAsO^: 
K.AsO.-fMgC^-f 
NH,Cl = Mg(NHJ 
AsO*-f 3 KCL 

Solution 0 f 

The colour of iodine 

No change of colour*. 

Iodine in Kl. 

solution is discharged 
due to Oxidation of 
arsenious <acid by 
iodine and reduction 
of iodine to colourless 
HI: 

As,0,4-2lj-f2H20 = 

As,0^ = 4 HI. 



5. Mercury 

Mercury forms two series of compounds — mercurous 
and mercuric. The mercurous compounds such as calomel 
HgjClj are insoluble and less toxic and the mercuric com^ 
pounds such as corrosive sublimate HgClj are readily soluble 
and, therefore^ more toxic. 

Mercurial poisoning occurs from its ingestion by the 
mouth, from inhalation of mercury vapour through the lungs, 
from absorption of the metallic mercury and its compounds 
through the unbroken skin, wounds and mucous surfaces and 
from subcutaneous and other forms of injections. 

In this country, the mercuric salts, particularly the cor- 
rosive sublimate, account for most cases of acute mercuj^ 
poisoning which prove fatal. The metallic mercury (irt 
liquid form) is frequently administered with food by village 
people with criminal intention but so far no poisoning has 
been known to occur in such* cases, partly because of the fact 
that the metal not being miscible with food or drink is usually 
left out in the vessel and partly due to the amount swallowed 
being not sufficient to produce symptoms of poisoning* 
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I 

Chrwiic mercurial poisoning which is mostly of indus^ 
trial or occupational origin is unknown in . this country. 

for Mercury ^ 

Reinsch's Test . — ^This test detects mercury in mercuric, 
Oiercurous or in metallic form. The first and tnc last give an 
immediate deposit on copper but the mercurous compounds 
require prolonged boiling. As in the case of arsenic, this 
test is also very useful for detection of mercury compounds 
in tissues, urine, faeces, foods, etc. The procedure for carry" 
ihg out the test is the same as dcscribefd under arsenic 
(p, 553). The deposit of mercury in the copper foil, instead 
of-bwng steel-grey or black as in arsenic, is beautiful silvery 
white which gives a sublimate of the characteristic globules 
of mercury. 

In case the material for examination is scanty and the 
globules of mercury obtained in the sublimation tube are few 
and not very decisive, the presence of mercury may be con- 
firmed by the following tests: Take out the bits of copper 
foil from the sublimation tube by gentle shaking, introduce 
a small crystal of iodine into the tube and keep it plugged 
with cotton wool for sometime, the white sublimate of 
mercury now becomes red formation of red iodide of 

mercury Hgl,, best under the low power of the 

microscope. 

The Reinsch test does not work properly if nitrates, 
cldprates and other oxidizing substances are present in the 
material under examination and steps should therefore be 
taken to remove them as described on p. 425. > 

The positive Reinsch test does not indicate the form in 
which mercury was orginally present in the material 
eiumined as both metallic mercury and calomel as well as 
mercuric salts give a positive test. To express an opinion if 
a mercuric ult was ^ministered, it woqld be necessary to 
repeat the test in the following, manner : Filter the material 
(stomach contents, stomach washings, tenants from the 
cup or other vessels, etc.) after dilution with water if neccs- 
sary, and submit the fiiltrate to this test, (f again positive. 
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it will indicate that a soluble compound of mercury present 
in the filtrate is responsible for the second positive test. 
Now to a portion of the filtrate add a few drops of dilute 
KI solution when a red precipitate of mercuric iodine 
is farmed which U soluble in excess of KI solution, T^e 
presence of a mercuric salt is thus confirmed (see table on 
P- 57')- 

Qwmtitative Determination of Mercury 

As in the case of arsenic, the determination of the quantity of 
nwreury in any material involves two stages, viz., the destruction of 
the organic matrix for liberation of the metal and the application 
of a suitable method for actual determination of the inorganic 
compound thus formed, 

the nitric-sulphuric acid method of destruction of organic matter 
as described under arsenic is not af all suitable for mercury which 
is almost completely lost by volatilization. 

The Babo-Fresenius method (slightly modified) is considered, 
most suitable for liberation of mercury although there is a possibility 
of some loss of mercury by volatilization. It is best carried out in 
the following manner: Weigh or measure out a definite amount of 
the material and take in a litre flask fitted with a reflux condenser. 
In the case of viscera or other solid material add sufficient water to 
make it gruel-like in consistency, then add about 1/3 of its volume 
of chemically pure cone. HCl and a few grams of solid KCIO, and 
mix the contents carefully by shaking. Heat the mixture over a 
wire gauze on a small Bunsen flame or on a boiling water bath. 
From time to time add a small amount of KCIO, and shake the flask. 
The compressed KCIO^ tablets are much better than and preferable 
to powdered KCIO, because the latter is quickly decomposed by hot 
acid with rapid evolution of chlorine w^hile the former gives a slow 
but steady evolution of Cl gas. Continue heating as before until the 
contents of the flask become a uniform, straw coloured liquid free 
from organic matter, except some fatty substances in suspension 
which cannot be further oxidized. If heating for about an hour 
after the last addition of KCIO, produces no darkening of the 
mixture, the oxidation of organic matters may be taken as com- 
pleted. It takes 4 — 6 hours to attain this stage. Filter and wash. 
Add to the filtrate and the washings sufficient sodium sulphite or 
bisul|ffiite to reduce the excess of chlorine into hydrochloric acid. 
Warm the liquid on the water bath and pass a current of air to 
expel the excess of SO3. The solution is now ready for actual - 
determination which is carried out as follows: 

(;) Pass pure H,S gas (purified by passing the ordinary eas 
througl^ a tube containing anhydrous calcium chloride ahd then 
through a ^qbe containing asbestos fibres charged with fine crysftals 
of i^n« and finally through another tube containing KI solution} 
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through the solution for at least half an hour. Filter through a 
weighed Gooch and wash the palpitate with water. Pass purihed 
H,S through the combined filtrates and washings. Filter it 
through the same filter. Wash and dry to constant weight. The^ 
weight of HgS represents the amount of mercury present in the known 
amount of the material. Multiply the weight of HgS by the factor 
0-862 or 1*167 obtain the weight of met^Uc mercury or mercuric 
chloride respectiv'^ely. 

(2) 'Alkaline Digestion Method of Naidu. This method, w'orked 
out by Naidu and co-workers (Jour. & Proc. Inst. Chem,. 1943), has 
been found very useful and may be carried out without any loss of 
mercor>r. The method is based on the facts that (1) animal tissues 
are completely chssolv^ed by strong solution of caustic alkalies, (ti) 
mercuric sulphide is soluble in an aqueous solution of sodium sulphide 
and caustic soda, and (»i) it is insoluble in an aqueous solution of 
sodium bicarbonate saturated with H^S. 

Procedure . — ^Weigh out 25 — 50 gm. of finely minced tissues or 
measure out a definite volume {as large a <juantity as available but 
concentrated to a syrupy consistency) of urine or stomach washings. 
Add sufficient 30 per cent NaOH solution (about 10 c.c. for every 30 
g. of solid material) and excess of sodium sulphide solution (10 per 
cent NaOH solution ^turated with H3S, about 10 c.c. for every 30 
^.) to keep the mercuric sulphide dissolved in the solution. Metal- 
lic mercury will not be afifected and will remain as such. Calomel 
HgjCl^ will be converted into HgS (HgjClj-fNajS^HgS-f-Hg 
-faNaCl). HgS will dissolve rapidly in a mixture of Na^S and 
NaOH (HgS-fNajS = Na^HgS,, a soluble compound). t 

Heat the mixture on a boiling w-ater bath for about 2 hours till 
it becomes pasty. Dilute with 200*300 C.c. of water and continue 
heating till the organic matter has all gone into solution. Cool, 
acidify prith cone. HCI, add solid NaHCO, till faintly alkaline and 
saturate with HjS, HgS is completely precipitated (in the absence of 
NaOH, Na,S being no longer form^). The precipitate consists of 
HgS if HgCl, was present, HgS+Hg if calomel was present or Hg 
alone if metallic Hg was present in the material. Filter, wash and 
transfer the filter paper with the precipitate into a beaker. Acidify 
with dilute HCl and saturate with H,S (iron being eliminated at this 
stage). Filter, wash the precipitate, transfer the filter paper to a 
beaker, add excess of bromine water and leave overnight. HgS 
dissolves in bromine water as HgBr, and metallic Hg ali) becomes 
HgBr,. Filter and wash the residue which consists of sulphur (and 
some brorainated fatty acids). Add 0 5 g. of KCl to the combined 
filtrates and washings and boil to drive off the bromine. Acidify 
the debrominated solution with dilute HCl and saturate with 
H,S, Filter through a weighed Gooch, wa^ the precipitate of 
HgS, dry in a steam oven and weigh to constant weight. Multiply 
the weight of by the factor 1-167 or i'oi5 or 0*862 to obtain 
the wei^t of H^l,, Hg,Cla or metallic mercury r^pectively. 
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TABLE VII 


Tests far Differentiating Mercurous from Mercuric Compounds 


Reagents 


Mercurous compounds, 
e.g., Hg,(N6,), 


Mercuric compounds, 
e.g., HgCL 


HCl <k 
chlorides. 


H,S. 


NaOH or 
KOH. 

NH,OH. 

KI. 


A white precipitate of 
HgjClj. which is in- 
soluble in acids and iv: 
turned black* by alkalies 
— with caustic alkali 
black mercurous oxide 
HgjO, and with am- 
monia a black com- 
pound HgjNHjCl 

(HgNH,Cl + Hg) i3 
formed. 

A black precipitate of 
mercuric (not mercu- 
rousf) ^sulphide HgS' 
and metallic Hg is 
formed. HgS soluble in 
aqua regia and in cone, 
solution of Na,S. 
HgS+Na,Sl= 

Na^HgS,. Presence of 
free alkali and poly- 
sulphides helps to dis- 
solve HgS quickly. 

,A black precipitate rf 
mercurous oxide HgjO 
[Hg,(NOJ,-P 2 NaOH 
= HgjO-f 2 NaNO,-f- 
H,0]. 

A black precipitate of 
HgNH,NO,-fHg i 
formed. 

A yellowish green pre- 
cipitate of mercurous 
io^de Hg, I 3 soluble in 
excess of the reagent; 
on heating a grey or 
greyish black precipi- 
tate is formed due to 
separation of Hg. 

Hg,i;-h2KI=K,HgI,-fHg 


No precipitate. 


At first a white precipi- 
tate of HgClj.zHgS is- 
formed which on pass- 
ing more H,S changes 
to yellow and orange- 
and finally to black 
mercuric sulphide HgS 
(see mercurous). 


A yellow or orange pr^i- 
pitate of mercuric oxide 
HgO(HgCl,-f 2 KOH = 
Hg0-f2KCl+H,0). 

A white ppt. of ammo* 
mercuric chloride* 
HgNHjCl formed. 

A yellow ppt. rapidly- 
changing to red mer- 
curic iodide Hgl, 
soluble in excess of 
either of the reagents 
and produces a colour- 
less soln. with excess 
of KI, KjHgl*, ia* 
formed. Nes^er’s re- 
agent is an alkaline- 
soln. of this compound- 
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Antimony 

Poisoning by antimony compounds was comparatively 
rare in this country but since the import and use of cheap 
enamelled ware in which aiftimony is used as an ingredient 
of its glaze* cases of acute antimony poisoning have been 
occasionally met with. The antimony oxide of the glaze 
is dissolved by tartaric or citric acid of chutnies, pi(^es* 
home made lemonades, etc., if they are prepared or stored in 
such enamelled vessels. The extensive and sometimes in- 
judicious use of tartar emetic and other organic antimoniak 
for the treatment of Kala-'azar has also been a source of 
acute and chronic cases of poisoning some of which have 
proved fatal. Homicide or suicide by antimony compounds 
have not been reported so far. ^ 

Teats for Antimony 

As signs and symptoms of acute antimony poisoning are 
almost identical with those of arsenic poisomng and as the 
chemical properties of antimony resemble gwtly those of 
arsenic, the methods of detection and determination of anti- 
mony m viscera* etc,* are also the same as in cases of arsenic 
poisoning. 

(i) Reinsch's Test . — To carry out this test the destruc- 
tion or organic matter is not usually necessary and the 

material may be tested 
directly. Proceed in 
the same way as in 
arsenic (see p. 553). 
In the case of anti< 
mony either amor- 
phous deposit or 
needle shap^ crystak 
of SbjO, (instead of 
octahedral and mor^ 
clinic as in arsenic) 
wi^ be found. Worm- 
ley claims to have 
found octahedral cry- 
stals of SbjOs (Micro- 
Fig 62 chemistry of Poison^ 

1885) and Witthaus has also suted the same fact in his 
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book but it has not been confirmed by later workers so £an 
Wc too have not been able to fijid any octahedral crystal 
Sb^Oa in hundreds of expcrin|ents carried out with pure 
antimony cotnp>ounds by the students of our college while 
doing their practical work in toxicological chemistry. In 
most cases the needle shaped crystals and in few only 
amorf^ous deposits arc formed. 

(it) Marsh's Test. — For this and other tests described 
below, the destruction of organic matter is necessary and 
which should be done by the nitric-sulphuric acid method 
described on p. 421. The other details of the test are exactly 
the same as in arsenic (sec p. 556). The identification of 
the antimony spot obtained on the porcelain capsule and 
its differentiation from arsenic have been described on p. 558. 

(tit) Gutzeit's Test, — The. details of this test have been 
given on p. 559. The antimony stain on the mercuric 
chloride paper cannot, however, be differentiated from the 
similar stain obtained in the case of arsenic. 

(iV) Other Chemical Tests . — ^Thev are applicable onl>r 
when larger amounts of antimony salts are available. The 
following tests are helpful: 

(a) HjS produces in an acid solution of antimonious 
compounds an orange precipitate of SbaS, which is soluble 
in NaOH or ammonium sulphide. In antimonic compounds 
H,S givcA a mixture of SbaSj, SbjSj and sulphur. 

(b) HCl dissolves antimony compounds and yields a 
solution of SbCla which if poured into water gives a white 
precipitate of antimonious oxychloride SbOCl. On adding 
a drop of very dilute HCl, the precipitate redissolves quickly 
but on Lrther dilution with water it reappears. The oxy- 
chloride is soluble in tartaric acid and tartrates but the 
corresponding bismuth salt is insoluble. 

Quantitative Determination of Antimony 

the acid solution prepared from a known quantijy of the material 
by destroying the organic matter by the nitne -sulphuric acid 
method and then treating with a suitable reducing agent should be 
used for determining the quantity of antimony. 



574 


ORGANIC AND TOXICOLOGICAL CHEMISTRY 


(i) Thfj graviroetric method by saturating the acid solution with 
ft*S to obtain Sb^S^ and then weighing the sulphide as in tiie case 
of arsenic (p. 556) is not suitable in cases of antimony poisoning, as 
the quantity of antimony likelj^ to be found in such cases is too 
small for direct weighing. It is, however, useful if large quantity 
of antimony happens to be present in the material for examination. 

(if) Gutseit Method . — Dilute the acid solution (oxichition pro- 
duct) with water to make it up to a known volume. Take an aliquot 
portion and perform the Gutzeit test. Treat the stained mercuric 
ohloride paper wdth a normal solution of ammonia for five minutes, 
wash ancf dry as described under arsenic. The brownish stain turns 
black. Match the black stain against the standard stains obtained 
with diderent amounts of the standard solution of antimony and 
-calculate the resiSlt accordingly. 

(iii) Volumetric Method , — This method is most suitable for 
organic antimoniais. Take 0*1 g. of the substance in a Kjeldahl flask, 
.add 5 c.c. of cone. H,SO^, 3 3 g of K,SO^ and one-third of a Q c,m. 
filter paper. Heat until the solution becomes colourless. Cool and 
•dOute with 150 c.c. of water. Add 7 c.c. cone. HCl and boil for 2 
minutes. Cool to room temperature and then titrate with N/io 
KMnO^ solution to pink colour. i c.c. of N/io KMnO* is equivalent 
to 0 006 g. of antimony (vide Jour. 6* Proc. Inst. Chem„ p. 86, 1945). 

Preparation of Standard Solution of Antimony 

Dissolve 2 306 g. of pure tartar emetic in a litre of w’atcr. This 
solution contains i milligram of antimonious oxide per c.c. Take 
10 c.c. of this solution and dilute to one litre. This diluted standard 
solution contains 0*01 mgm. of Sb, 0 , per c.c. This solution or a 
more diluted one. if necessary, should be freshly prepared within a 
few hours of use. 

Organic Antimoniais 

Quite a large number of organic preparations of anti- 
mony have lately been introduced for the treatment of Kala- 
azar* TTte most important of these antimoniais arc the 
pcntavalcnt compounds, ureastibanpnc (Brahmachari), 

stibosan and neostibosan (von Heyden), etc The injudi- 
•dous use of these drugs has resulted in fatal* antimohy 
jXJiscHung. 

Antimony is stored in the liver and other organs just 
as is the case with arsenic. It is eliminated mostly through 
the kidneys and to a certain extent through the gastro- 
intestinal tract. It appears in the urine withiin 5-15 minutes 
after the intake* 

Its detection and determination in the urinCf faeces* 
tissucst ctc.t are carried out by one of the methods described 
above. 
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uintimony contents of viscera of cases of kala-azar who died after 
injections of organic antimonials. Figures indicate mgm. 
per kilo of fresh tissues. 


Cases 

Liver 

Kidney 

Stomach 

Remarks 

H.M. aged 23. Died 
4J hrs. alter 2nd 
inj, urea stibamine 

12-5 

4'5 

10 

o Y gm. in aJl in 4 
days. Last dose 

0 05 gm. Vomiting 
and purging. 

' — 

M.M. aged 15. Died 
5 days after 2nd 
inj. urea stibamine 

ig^o 

90 

i 


01 gm. in all in 10 
days. Last dose 0 05 
gm. Nephritis. 

M.M. aged 22 

7-5 

40 : 

i 

0-8 


M.M. aged 14 

81 

35 1 

07 


H.M. aged 28. Died 
5 mts. after 5th inj. 
urea stib. 

! 50 1 

40 

0-3 

0-35 gm. in all in 
3 weeks. Last dose 
0 05 gm. 


7. Barium 

Poisoning by barium salts is not very common and the 
cases so far investigated in Bengal are all accidental due to 
negligence of the pharmacist in serving the doctor’s pres^ 
cription. Barium sulphide is usually mistaken for barium 
sulphate which is us^ by radiologists in preparing ‘barium 
meal* for X’ray examination of the alimentary tract. Lately 
3 fatal case of barium poisoning occurred in Calcutta in 
which the victim was given a dose of four drams of barium 
chloride instead of magnesium sulphate prescribed by the 
doctor and the patient died in about 3 hours. 

Extraction of Barium. — Barium may be readily xex- 
tracted from the viscera, urine, stomach-contents, faeces, etc., 
in the following way : Evaporate the urine, faeces, stomach 
washings, etc., fo dryness and transfer the residue to a plati^ 
num or nickel crucible and ash in the usual way. Fuse the 
ash with sodium carbonate to convert barium sulphate, if 
any formed in the tissues, into barium carbonate. Cool and 
extract with dil. HCl. The acid extract is tested for barium* 
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Tests for Barium 

(i) Add a few drops of diL to the acid solution,, 

a white preapitatc of BaS04 is form^ which is insoluble 
in HNO, and Ha 

(«) Neutralize the add solution with ammonia and 
add a few drops^ of neutral potassium chromate solution, a 
yellow predpiute of barium chromate BaCrO^ is formed 
which is soluble in HNO3 and HCl but insoluble in acetic 
add. ^ 

(m) Neutralize the solution with sodium carbonate or 
faintly addulatc with acetic add, add a few drops of 5 per 
cent solution of the sodium salt of chloronitrotolucne- 
sulphonic add, a crystalline predpitate is formed even in i 
in 2,000 parts. In gives no precipitate with calcium or 
strontium. 

(tv) Feigl's Spot Test * — Soak a piece of filter paper 
in a freshly prepared solution of sodium rhodizonatc and 
allow it to dry, touch it with a drop of a neutral solution 
of a barium salt, a reddish stain or precipitate is formccL 
Moisten the stain with dil. HCl, the red colour changes to 
scarlet 

QnazitiUitive Defcrmituitioi] of Bartuni 

Weigh or measure out a deftnite quantity of the material, render 
alkaline with NaOH solution and ash in a platinum capsule. Dissolve 
the ash in a little dilate HCl with heat if necessary, dilute with 
water, filter and wash the filter with water till it is acid free. Com- 
bine the filtrate and the washings and keep them carefully and mark 
(A). Transfer the filter paper to the platinum capsule, dry and 
incincTate. Add ioroe solid Na,CO, and heat to fusion. Cool the 
fused mass extract with dil. HCl. filter and wash with hot water* 
Combine this filtrate and the washings with the portion marked (A 3 * 
To the mixture add dil. H,SO^ to precipitate barium as BaSO^ 
Wash, dry and weigh the precipitate. The amount of BaG, or BaS 
present in the weired quantity of the material may then be cal- 
culated. The weight of BaSO^ multiplied by o'Spaa or 072258 givc^ 
tl» weight of BaCl, or BaS respectively. 

8 * ' Load 

Lead and iead poisoiiing were known in ancient times. 
Hippocrates (about 400 B.C.) described the illness caused 
by working in the smelting of lead ores. 
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The metallic lead and all lead compounds are poisonous* 
They are introduced into the system though oral ingestion, 
through inhalation as fine dust, and through the unbroken 
skin. The respiratory route is more effective in producing 
lead intoxication than the other routes, and in fact most cases 
of poisoning of industrial origin are traced to this route. 
The basic carbonate 2PbC03.Pb(0H)2 (white lead), the 
sub-oxide (Pb^O) and other oxides of lead such as PbO 
(litharge) and Pb^O^ (red lead) are insoluble compounds 
but they are more dangerous than many soluble lead com" 
jjounds. These compounds of lead are relatively more soluble 
in blood serum than ^in water. The magnitude of harm 
caused by these compounds is therefore more pronounced 
in those industries m which the above oxides are used. The 
following table (Table 1 ) extracted from Jacob's Poisons, 
Hazards and Solvents (1941) shows the relative solubility 
of these compounds in water and blood serum : 

TABLE I 

Pelaiwt S()lu})il\iy of some Lead Compounds in Water and Serum, 
Fxf^ures indicate millt grams of lead compounds per litre at 25 “C 


Lead Compounds In Blood Serum In Water 

Lead nwnoxide, PbO (litharge) ... 11520 17-1 

Lead carbonate PbCO^ ... ... 33*3 i*7 

Lead sulphate ... ... 43-7 44-0 

Lead (metallic) ... .. 578-0 — 

Chronic lead poisoning is almost entirely of industrial 
origin. Such cases were practically unknown in this country 
a decade or two ago but with gradual industrialization cases 
of chronic lead poisoning have been steadily increasing 
particularly in industral centres like Calcutta and Bombay. 

TTc custom of applying Chinese vermilion (powdered 
cinnabar) to the hair parting by married Hindu women has 
been prevailing in this country, particularly in Bengal, from 
very ancient times. The extensive use of cheap vermilion 
manufactured from red lead has lately been found to be the 
cause of an insidious type of lead poisoning among Hindu 
women, the absorption of lead taking place through the 

37 
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scalp where the vermilion is applied and also through in-- 
halation especially ot fhc portion spilt during its use. 

Acute lead poisoning is mostly accidental and occa-' 
sionally suicidal^ but rarely homicidal. As lead compounds 
are potent abonifacients, they are frequently used in pro- 
curing criminal abortion. The village quacks use red lead 
and litharge for treatment of various diseases including 
common cold and thus cause accidental death to their 
patients. 

Lead tetraethyl. — The leaded motor spint, that is 
petrol mixed with lead tetraethyl Pb (C2Hd4 (about i part 
in 1,300 parts of petrol by volume) how extensively used m 
this country as a motor fuel is likely to be a potent source 
of lead poisoning among those who would handle this lead 
compound carelessly. 

Lead tetraethyl is a heavy volatile and colourless liquid 
(sp. gr. 1.62 ati5'C, b.p, 200 '’C with decomposition), li is 
insoluble in water and ether but soluble in alcohol acetone, 
petrol and other organic solvents and mixes with fats and 
oils in all proportions. It is a lipoid solvent and possesses 
slight solvent action on rubber. It decomposes when 
evaporated or exposed to sunlight with the formation of a 
poisonous compound, lead triethy hydroxide Pb (C^H^lgOH 
and other products. 

Lead tetraethyl being a lipoid solvent and volatile com- 
pound is readily absorbed through the skin and the respira- 
tory tract and as such cases of acute poisoning have been 
known to occur among the workers in petrol depots in the 
West. Lately three fatal cases (one from Chittagong and 
2 from Calcutta) of lead tetraethyl poisoning have been 
investigated in the Chemical Examiner’s department. Calcutta. 
These men along with several others were engaged in clean- 
ing large empty petrol reservoirs in which leaded petrol was 
stored. Inhere was some ‘scum’ or semi-solid substance at 
the bottom of the tanks which these men were cleaning, and 
after a few days thev developed signs and symptoms indicate 
ing lesions in the Central .Nervous System, c.g., headache, 
insomnia, restlessness, forgetfulness, delusion, delirium, flCc. 
and signs of madness such as shputing, knocking the head 
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against the wall'* etc^ as described by the Medical Officer of 
the Company. In the autopsy of one of the victims the 
**nght heart was found partially filled with bright red fluid 
hlood'' suggestive of carbon monoxide poisoning. 

It is interesting to note that similar cases described as 
lead tetraethyl poisoning have been recorded by the League 
of Nations m its publication ‘‘Occupation and Health’' 
(1934). These cases developed “insomnia with restless^ 
^excited dreams, taikativ^eness and delusion, vertigo and 
headache” and some became “violently maniacal — shouting, 
leaping from the bed, smashing furniture”, etc. In two fatal 
cases the temperature “rose up to iio'^F'iust before death” 
and in another fatal case the blood “failed entirely to coagulate 
and it had the colour typical of carbon monoxide hoemoglobin'\ 

The viscera of our cases showed appreciably high lead 
contents- (vide Table II) but not so high as to suggest acute 
lead poisoning as met with in toxicological practice (vide 
Table V). These are, therefore, the cases of acute lead 
tetraethyl poisoning and not ordinary lead poisoning, acute 
or chronic. The poisonous compound, lead triethyl, the 
decomposition product of lead tetraethyl, is obviously respons- 
ible for rapid involvement of the Central Nervous System 
and the production of the characteristic syndrome. The 
difference in the concentration of lead triethyl or other 
poisonous decomposition products is likely to explain the 
difference in signs and symptoms in individual cases and 
in their post-mortem findings. 


TABLE II 


Lend contents of viscera of three suspected cases of acute lead 
tetraethyl poisoning. Figures indicate niilU grams of lead 
[as Pb) per kilo, or parts per million, of fresh tissues. 


Tissues 

Chittagong 

Case 

Calcutta 

Case No. i 

Calcutta 
Case No. 2 

Liver 

2-5 

3‘2 

2'8 

Kidney 

2-T 

20 

20 

Stomach 

. .. 1’6 

i 8 

1*6 
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Selection of Materials for Detection of Lead. — As 

lead is excreted mostly in the faeces and less in the urine^. 
the examination of the former gives a definite indication of 
the amount of absorption of lead* In suspected chronic 
poisoning both faeces and unne should be examined* The 
route by which lead is introduced into the system gives an 
idea of the distribution of lead in the various organs of the 
body. If it is absorbed from the gastro-intestinal tract, most 
of the lead is likely to be found in the liver. If the absorp> 
tion takes place through the respiratory tract, the lungs, 
kidneys and also the brain are likely to contain much larger 
quantities than in the other organs. The bones arc regarded 
as the lead depots of our system where lead is stored as 
insoluble lead phosphate. Administration of heavy doses of 
acids such as phosphoric acid, or alkalies such as sodium 
bicarbonate, producing acidosis or alkalosis as the case may 
be, converts the insoluole lead phosphate either into ^ soluble 
lead salt or a colloidal lead phosphate which is then thrown 
into the general circulation for elimination with the urine and 
faeces. Lead is also found in large amount in the hair which 
may be regarded as its dumping ground. As hair is a dead 
tissue, the amount of lead deposited in hair cannot be thrown 
back into the general circulahon and is thus eliminated from 
the system. In this respect hair may also be regarded as an 
climinatory organ for the waste and toxic products of the 
system. The largest amount of lead and in fact of all metals 
present in the human system, is found in the black hair which 
is, therefore, a very useful material for information regarding 
the absorption and retention of lead in chronic lead poison- 
ing (Mineral Constituents of Human Hair, Bagchi fiC 
Ganguly, Ann* Biochem* & Expt. Med., 1941). 


Tests for Lead 

After destruction of organic matter by the nitric-^ 
sulphuric acid method and removal of the excess of HjSO^ 
by heat the acid solution containing some of the lead as in^ 
soluble PbSO^, is heated with a slight excess of saturated 
solutions of ammonium acetate and ammonium citrate and 
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then neutralized with ammonia* Diluted with water and 
tested for lead by the following tests: 

(i) Acidify with HCl and pass HjS through the acid 
-solution, a dark brown or black precipiUte of lead sulphide 
IS formed which is soluble in dilute HNO3. On boiling with 
cone. HNO3 It is oxidized into lead sulphate. 

(ii) Add a few drops of KI, a yellow precipitate of Pbl, 
IS formed which dissolves on heating and reappears on cooh 
jng in the form of beautiful golden yellow spangles. 

(«0 Add a few drops of KjCrO^ solution, a yellow 
precipitate of lead chromate PbCrO^ is formed which is 
soluble in HNO3. 

(iv) Spot Test , — Take a drop of the solution in a filter 
paper and add to it a drop each of a i per cent solution of 
pyridine in water and of a mixture of o'l per cent gallo- 
cyanine and sodium bicarbonate, a deep violet colour develops 
if lead is present. 

Lead’contents of Normal Tissues. Excreta and 

It has been definitely established that lead is a normal 
constituent of human tissues and is excreted in appreciable 
amounts in normal urine and faeces and that the source of 
lead is the food we take. The investigations carried out here 
to determine the lead contents of the urine, faeces, tissues, 
etc. of Indians have shown that the results obtained by the 
European and American workers are rather too high and 
cannot be regarded as standards for comparison in the case 
of an Indian suspected to have been suffering from or to 
have died of lead poisoning. The following results worked 
out by Bagchi, Ganguly and Sardar and extracted from Ind. 
lour. Med. Res., i939» and Ann. Bwchem. Si Expt. Med., 
1940, would give an idea of the lead contents of human 
tissues, excreta, foodstuffs, etc. The normal tissues required 
in this investigation were all collected from cases in which 
death was due to street accidents, throtthng, drowninc hang- 
ing, etc., and not to any illness causing starvation and there- 
by a disturbed metabolism. 
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TABLE 111 

T^-ad contents of nor>noI tissues. Fif:ures indicate ntiUigrams 
of lead {us Pb) per kilo or parts per miUion, of fresh tissues. 


Tissues 

Minimum 


Average 

Liver 

... 0*31 

o8> 

0-57 

Kidncv 

... 0-37 

071 

0-50 

Spleen 

... 030 

052 

O’ 36 

Stomach 

... 020 

oTx^ 

041 

Small intestine ... 

... 020 

C)()0 

0-^8 

Heart 

... 0-45 

0'75 

O’ 56 

Lung 

... 0-30 

cC>o 

0-45 

Blood 

... o r I 

oa 5 

0-24 

Brain 

... Nil. 

O-IO 

0075 

Testis 

0-30 

0-40 

0 34 

I’terus 

... 005 

047 

0*28 

Ovarv' 

Nil. 

Nil. 

Nil 

Muscle 

... 014 

0 70 

0-33 

Skin 

... 0-33 

0-50 

0’44 

Scalp 

... 1*0 

1-2 

1 -I 

Fat 

... Nil. 

Nil 

Nil. 

Bone 

... 6-8 

39-3 

15-8 

Tooth 

... T5'5 

230 

207 

Nails 

... 11*3 

12 .7 

20-0 

Hair 

... <60 

508-0 

8o'9 

TABLE IV 


Comparative statement showing lead contents of tissues in different 
nationalities. Figures indicate milligrams of Ph 
per kilo of fresh tissues. 


Tissue 

Indian 

Bagchi et al, 

.American 
Kehoe ft al^ 

British 

Tompseit and 
Anderson, 192^ 

Liv-er 



... 0-82 

o-8o 

' 4-63 

Kidney 

... 0-71 

070 

2’60 

Heart 

• • 075 

Trace 

— 

Long 

. . . 0'6o 

0-30 

0S8 

Intestines 

... 0-68 

0-20 

... — 

Spleen 

... 0-52 

Trace 

5*9 

^alp 

... 1-20 

1-30 

... — 

Brain 

O-IO 

O-IO 

0-72 

Bone 

... 8-5(rib) 

ii-4(Iong 

bone) 

i2-9(rib)' 
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TABLE V 

Lead contents of tissues of two cases of acute poisoning by red 
lead investigated in the Chemical Examiner's Department, 


Calcutta. In milligrams per kilo. 


Tissues 


Case No. i 

Case No. 2 

Liver 


••• i 7'3 

i 3'8 

Kidney 


4-6 

2-8 

Stomach 


3'4 

1-46 

S^)lcen 


2-1 

— 

Small intestine 


— 

1*33 


TABLE VI 


I^ad contents of tissues of three suspected cases of chroJiic lead 
poisoning — death due to other causes, hi milligrams per kilo. 



Case No. 1 

Case No. 2 

Case No. 5 

Tissues 

Death due to 

Death due to frac^ 

Death due to 


burns. 

turc of skull. 

injury. 

Liv( r 

... C)-gS 

3‘6o 

1*5 

Kidney 

... 4'0 

3*9 


Liinf^s 

o-6o 

I -OQ 

3-6 

Splei‘11 

... 0-72 

i-Sy 

— 

Small intes; 

ine 1-50 

0-9 

1-2 

Brain 

O' 00 

075 

— 


TABLE VH 

Lcad-conicnis of normal un?ie arid fceces of Indians. In 
milligrams per litre or kilo. 




Hindus 

Muslims 

Anglo- 

Indians 


Minimum 

... Nil. 

Nil. 

0-024 

Urine 

Maximum 

... o-oi6 

. 0-026 

0-040 

! 

1 Average 

o-oo8 

0-014 

0-031 


Minimum 

... o-o8 

o-io 

0-13 

Faeces | 

1 Maximum 

... 0-14 

0‘i6 

018 


[ Average 

... o-ii 

0-13 

0-15 
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TABLE Vm 


Com putative statement shotting tead^ontents oj normal urine m 
different nationalities. In milligrams per litre of urine^ 

Minimum Maximum Average Investigators 


German 

O'OI 

0-55 

— 

Litzner Sc VVeyrauch 

American 

0*04 

008 

0 05 

(1935) 

Kehop ct al (103,')) 

British 

Nil* 

0133 

0*04 

France. Har\^ey & Bucha* 

An 5 rtralian 

002 

0050 

004 

(1929) 

Cooksey & Walton (1929) 

Indian (in- 
cluding 
Anglo 
Indian) 

Nil. 

0*040 

0*018 

Bagchi, Gangiily & Sardar 

(1939) 


T.*\BLE IX 

Lead-contents of luiir in different natiofuilities. In milligrams 


pet kilo of hair. Average figures given. 


Nationality 

Men 

Woman 

Europeans resident in Calcutta 

... 20*8 

i 8*4 

Indians 

28*0 

114*5 

Bengali Hindu 

26'7 

i 8 o *9 

Bengalee Muslim 

... 42*4 

50*4 

Punjabi 

... 20*2 

45*5 

Madrasi 

... 22*7 


U. P, & Bebari 

... 2f6 

— 

Other provincials (Parsce, Oriya, 



Marwari, etc.) 

... 200 

26*3 

TABLE X 



V Lead-contents of hair of different shades of colour. 

In 

milligrams per kUo of 

hair. 


Colour of hair 

Minimum 

Maximum 

Deep black (Bengalee womei^ 

.. 170*0 

508*0 

Broun, auburn and other shades 



(Europeans) 

go 

165 

Giey, contiining o to 25 per cent of blac!: 



or brown (European and Indian) 

yo 

21 n 
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<Ju«ntitative Determination of Lead (Method of Lynch, Slater & 
Osier) 

(1) For ifimute quantities of lead, weigh out 50-100 grams of 

viscera or other solid material or measure 250*500 c.c. of the urine or 
other liquid material and evaporate to a small bulk. Oxidize the 
organic matter by the nitric-sulphuric acid method (see pp. 421-22). 
To the acid solution (oxidation product) in a beaker add 5 c.c. each 
of 10 per cent solutions of ammonium acetate and ammonium citrate 
and render the mixture alkaline with ammonia. Add 2 c.c. of 5 
per cent solution of NaCN. transfer to a 150 c.c. separating funnel 
and make up the volume to al>out 50 c.c. Extract immediately 
with three portions of o-i per cent chloroformic solution of 
diphenylthiocarbazone (ro, 7*5 and 5 c.c.) shaking for 2-3 minutes, 
after which extract 2 to 3 times with chloroform only (using 15, 
10, 5 c.c., etc.) until the last traces of the dye are completely 
removed from the aqueous mixture. Wash* the combined extracts 
with water in another separating funnel and run off into a large 
Pyrex tube (8x1 in.) containing a small crystal of K,SO< and 
distil to drive off the chloroform. Oxidize the residue in tie Pyrex 
tube by heating with i c.c. of cone. HNO, in a boiling water bath 
for 30 minutes, after which add 0-5 c.c. of cone. and heat 

over a small flame adding cone. HNO^ drop by drop as required, a 
few drops of 5 per cent solution of pure CuSO^ may be added aa 
a catalyst to hasten the oxidation. When oxidation is complete, 
hoil off the remaining HNO3, adding a few c.c. of water if necessary. 
After cooling, add about 20 c.c. of water and transfer to a 50 c.c. 
Nessler cylinder. Set up two or three similar Nessler cylinders 
and measure in from a burette different amounts of the standard 
solution of lead (containing o-oi mgm, of lead per c.c.), e-g., 1. 2, 
and 3 c.c. or larger quantities according to the amount of lead 
likely to l>e present in the unknown solution and dilute with water. 
Add 5 c.c. of 6N (approx d ammonia to each cylinder to render its 
contents alkaline. Then add 5 c.c. of ammonium acetate solution and 
2 c.c. of sodium cyanide solution to each cylinder and make up the 
volume to 50 c.c. with distilled water and finally add to each 2 drops 
of j)er cent sodium sulphide solution and mix them up intimately 
with a glass rod, a pale brown colour develops. The colour of the 
unknown solution is matched against the standard solutions in the 
usual wav of colorimetric determination. Calculate the result 
accordingly (Analyst, 1934). 

(2) For relatively large quantities of lead, heat the oxidized 

material (acid solution) to expel the excess of as indicated by 

appearance of crystals in the beaker (should not be heated beyond 
this stage). Cool, add to c.c. of water, cool again and then add drop 
by drop ammonia to make it almost neutral (slightly acid to litmus). 
Transfer to a 100 c.c. flask, rinse with water and make up to 100 c.c. 
mark — a slight precipitate of silica may be noticed which is 
negligible. Take an aliquot portion (10 c.c. or more according to 
the amount of lead likely to be present) in a 5<^ Nessler tube, 
add 2 c.c. ammonium citrate solution (50 per cenlj) or i g. solid 
ammonium citrate to keep down the phosphates (it also makes the 
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coloar stable), i c.c. of lo per cent solution of KCN or o-i g. of 
solid KCN to hold iron in solution as KjFe(CN)^. and a measured 
qoantiU' of ammonia (atwut 2 c.c.) to render it alkaline. At this 
stage, precipitation of . phosphates may take place if they are in 
excess. If so. add a few drops of dil. HCl to dissolve the precipitote. 
more ammonium citrate (2-3 c.c. or more) and a rain render alkaline 
with ammonia. Make up the volume to the 50 c.c. mark, when a 
yellow colour (due to iron) develops (A). 

In three other Nessler tubes, take measured quantities of the 
standard lead solution (say. 3. 4 & 3 c.c.) and to each of them add 
15 c,c. H3O, 2 c.c, ammonium citrate solution, i c.c. KCN solution, 
2 c.c. ammonia, and make up the volume to 50 c.c. mark, no yellow 
colour develops as there i.s no iron in these tuf^es. With glass ro<i 
add one or two drops or more of a very dilute solution of KcCF to 
each of tliese tul>es just to match the yellow colour with that of 
the unknown solution in (A). 

Now add 2 drops of 10 per cent solution of sodium sulphide to 
each of the four Nes^der tubes and thoroughly mix with a glass rod- 
a yellow colour develops. Match the colour of the unknown again.st 
the closest standard and calculate the amount of lead. 

In this method of determination, a blank exjx’riment should 
always be carried out. If a vellow colour apf^ears in this Nessler 
tube (doe to iron as an impurity in the reagents), a trace of FeC'l, 
is to be added to the Nessler tuf>e containing the standard with 
which it is to be compared. Then after adding sodium sulphide 
solution, the two Nessler tul>e8 are matched and the amount of lead 
present in the reagents is thu.s found out. The blank figure is to bo 
deducted from the value obtained in the unknown solution. 

Preparation of Standard Solution of Lead . — 016 g. of lead 
nitrate accurately weighed and dissolved in about 20 c.c. of water. 
Add 50 c.c. strong UNO,, mix and cool. Make up to 1000 c.c. with 
water (i c.c. of this =01 mgm. of lead). 10 c.c. of this solutioa 
accurately measured in a standard burette and diluted to loo c.c. 
gives the diluted standard solution (1 c.c. =0 01 mgm.). 

9. Copper 

Fatal cases of copper poisoning frequently occur in 
Bengal and also in other parts of India. They are mostly 
suicidal or accidental and rarely homicidal. Q>pper sulphate 
is also taken as an abortifacient but the woman usually dies 
of copper poisoning 3 or 4 days after the miscarriage. 

Detection of Copper. — Copper is widely distributed! 
in nature. It is found in the soil, in natural waters, and in 
most of our food materials and it is present in appreciable 
quantities in different tissues of the animal body. It fact, 
it is one of the important constituents of the hsemoglobin of 
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blood and the physician nowadays prescribe copper for 
regeneration of blood in amcmia. In these circumstances^ 
mere detection of a trace of copper in the tissues, urine, 
stomach contents, etc., is of no toxicological significance 
unless its quantity is determined. If it is pre^nt in large 
quantities along with the characteristic blue stains on the 
mucous membrane of the stomach no ambiguity arises and 
the common chemical tests for copper can be successfully 
tried. In such cases the stomach contents and the washings 
as well as the vomit can be tested directly without destroying 
the organic matter. If the tests given below fail to detect 
any copper the materials should be oxidized by the nitric-' 
sulphuric acid method as described before and tested again^ 
The urine and tissues should first be oxidized and-* the tests 
to be applied to the acid solution. 

Tests for Copper 

(r) In some clear filtrate of the stomach contents, 
vomit, etc., slightly accidulated with HCl, put in a polished 
iron needle and keep it for some time or overnight, when 
metallic copper will be deposited on the needle. 

(n) To some clear filtrate or to the oxidation product 
add a few drops of ammonia, a bluish green precipitate of a 
basic salt CuSO.,Cu(OH)o is formed which readily dis' 
solves in excess of ammonia and a blue colour develops. 

(m) To the solution (neutral or faintly acid) add a few 
drops of K^Fe(CN)(-, solution, a reddish brown colouration 
or precipitate of cupric ferrocyanide CuTe (CN)^,, soluble 
in warm dilute HNOt, is formed. 

(it') Fetgl's Test . — To the solution (neutral or faintly 
acid), add a few drops of dil. zinc nitrate solution and 1-2 
c.c. of FetgVs reagent (prepared by dissolving 8 g. of 
mercuric chloride and 9 g. of ammonium thiocyanate in 
100 c.c. of distilled water), a pink, purple or deep violet 
colour or precipitate is produced if copper is present. 

(v) Render the solution just alkaline with ammonia. 
If iron is present a precipiate of ferric hydroxide is formed 
which is removed by filtration. To the filtrate add a few 
drops of o.i per cent solution of sodium diethyl-dithiocarba^ 
mate, a brown colour develops at once. As this test is very 
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sensitive, a highly diluted solution of copper is to be cm^ 
ployed. 

Quantitative Oetennination of Copper 

Weigh out 25 — 50 g. of the finely niinced tissue or the stomach 
contents or measure out as much urine or other liquid matter ^ 
available and oxidize by the method. The acid 

solution is now ready for quantitative determiaation by one of the 
following methods: 

(1) Volumetric method for relatively large quantities of copper , — 
Take an aliquot portion of the acid solution or the whole of it if the 
amount of copper is expected to be very small, and heat to boiling 
Pass HjS to saturation. Allow the precipitate to settle. Filler and 
wash with HjS water. Transfer the filter with the precipitate to a 
100 c.c. conical flask, add 5 c.c. each of concentrated HjSO^ and 
cone. HNO, and heat till the bfowm nitric fumes disappear and white 
fumes of $Oy appear. If the solution is not colourless, add a few 
drops of HNOj from time to time and continue heating till the 
solution becomes colourless or faintly straw coloured and white 
fumes appear. Cool, dilute with about 25 c.c. of water, add an 
excess of bromine water and boil till the solution becomes free from 
bromine. Cool, add some strong ammonia, mix and boil until the 
excess of ammonia is driven ofl. Add 2-3 c.c. of glacial acetic acid 
and boil for a minute. Cool and add 10 c c. of 30 per cent KI 
solution and titrate at once with N/ 10 sodium thiosulphate solution 
with starch solution as the indicator. One c.c. of N/io NajS^O, j.s 
equivalent to 0*0063 g. of Cu or 0*02497 g. of CuS0*.5H,0. 

(2) Colanmetric method for small quantities of Copper tn 
Viscera, Stomach^contents, Fccces, Vnne, etc, iTompsett' s method-^ 
slightly modified) . — Oxidize the material by th^ nitric-sulphuric acid 
method and remove traces of ITNO, by ammonium oxalate solution 
and of excess of H^SO^ by heating pn a sand bath. If any white 
insoluble matter is present, dilute the digest to 20 c.c. with water, 
add I c.c. cone. HCl and boil until solution is complete. Cool and 
make up to a known volume. Take an aliquot portion fro c.c. or 
less depending upon the amount of Cu likely to be present, about 
0 01 — 0*03 mgm. of Cu being the most suitable concentration for 
matching), add 5 c.c, of 20 per cent sodium citrate solution and 
6 c.c. of 4 per cent sodium pyrophosphate solution (2-3 c.c. for 
urine, 4-5 c.c, for faeces, foodstuffs, vomit, etc., and 6-10 c.c. for 
viscera — amounts depending upon the iron-content of the matenaQ- 

Render the mixture alkaline with ammonia, add 5 c.c. of amyl 
alcohol (iso-amyl alcohol gives better result) and 5 c.c. of oa per 
cent aqueous solution of s^ium diethybdithiocarbamate (2 per cent 
solution recomrnendf*d V)y Tompsett is difficult to prepare aa the dye 
is not readily soluble in water) and shake well. Separate the amyl 
alcohol layer, filter it and match the colour of atnyl alcohol against 
that of a standard solution treated exactly in same way. If a 
colorimeter is used, the standard solution containing 0*0 1 mgm. of 
copper is quite suitable. If matching ia done in Nessicr cylinders, ^ 
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or 3 standards sliould set up. Small Nessler cylinders (15-20 cx. 
capacity) may be specially made for this purpose. N.B. — This method 
works best if the amount of copper does not exceed o-i mgm. 

Preparation of Stcmdard Solution of Copper. — It is prepared by 
dissolving 0*3028 g. of .pure crystalline CuS0^.5Hj0 in a litre of 
water- This forms the stock solution, i c.c, of which = 0*1 mgm. 
of copper. The dilute standard solution (i cx. = o*oi mgm. of Cu) 
is prepared by diluting stock solution 10 times with water at the 
time of determination. 

Copper-Contents of Normal Tissues. — The copper- 
contents of normal tissues of healthy individuals have been 
determined and shown in Table L The tissues for this 
investigation were collected from police morgues of Calcutta 
and from cases in which death was due to street accidentSt 
stabbing* throttling, gunshot wounds* etc.* and not from 
hospital cases m which illness and starvation are likely to 
disturb the metabolism of the metal. The results obtained 
in these cases show fairly well marked difference from those 
obtained by the workers in the West* and as such any opinion 
based on the findings of those workers are likely to be 
erroneous in a case of poisoning in this country. 


TABLE 1 

Copper-contents of normal human tissues. Figures indicate 
milligrams of Cu per kilo of fresh materials. 
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Liver 

4*2 

30*0 

15*2 

Hair 

... 18 0 

155*0 

52-0 

Kidney 

10*0 

170 

12*5 

Muscles 

... 2 4 

4*0 

3*3 

Spleen 

4*2 

8-3 

57 

Thyroid 

... 4 0 

7*0 

5*7 

Heart 

5-0 

9-5 

7-2 

Pancreas 

... 6*0 

7*0 

6-5 

Blood 

4*0 

60 

5*0 

Uterus 

... 2'5 

6*4 

5*0 

Brain 

6*5 

8*0 

6*9 

Ovary 

... 37 

5*0 

4*1 

Stomach 

37 

8-5 

5*2 

Testis 

... 2*5 

4*0 

3*3 

Small 




Placenta 

... 875 

1375 

— 

intestine 

5’2 

80 

6-5 

Fetal 




Large 




liver 

... 350 

37*5 

— 

intestine 

7-5 

17 0 

11*5 

Fetal 




Bone 

40 

130 

71 

kidney 

... 10*0 

12-5 

— 

Skin 

. 4'0 

4*6 

4*3 
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In cases of acute copper poisoning, death is not rapid 
and the victim survives 3 or 4 days or even more and as 
such quite a large proportion of the ingested metal is climi^ 
nated from the system, and the tissues give comparatively 
low figures for copper (cf, arsenic) as shown in Table 11. 

As copper plays an important role in the formation of 
blood, the presence of quite a large amount of this metal in 
the tissues of fetuses and new-born babies is significant (see 
Table). 


TABLE II 


Copper-con. 

of tissues in cases 
hi yniUi^raois per kilo 

of suicidal copper poisoning. 

Of fresh materials. 


Mtnitttum 

Maximum 

Average 

Liver 

... 340 

1500 

74*0 

Kidney 

... 300 

2600 

720 

Stomach 

... 80 


27 0 


10. Manganese 

Acute poisoning by manganese salts is comparatively 
rare and is caused by ingestion of potassium permanganate^ 
It is either accidental or suicidal, no fatal cases being yet 
recorded. Death from chronic manganeso poisoning is, 
however, frequently met with among workers in manganese 
mines owing to inhalation of dust but such cases are yet 
unknown in this country. 

Detection of Manganese. — As cases of manganese 
poisoning do not usually prove fatal the materials received 
for analysis are the stomach washings, vomit, urine and 
faeces. In cases of poisoning by opium and other organic 
poisons, the washings of the stomach with weak permanga^ 
natc lotion are frequently sent for analysis and the presence 
of mangnaesc in this matcnal may be mistaken for manga** 
nesc poisoning in the absence of a correct h’ story of the cases 
which is rather the rule than an exception in this country. 

Simple detection of manganese in viscera is not suffix 
cient for expression of a positive opinion as manganese has 
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been proved to be an essential constituent of human tissues* 
A quantitative determination of manganese in the tissues is 
therefore necessary in fatal cases of manganese poisoning. 

Teats for Manganese 

(i) In stomach washings, manganese is usually found 
as a black precipitate of manganese hydroxide. Collect a 
small amount of this precipitate (some food materials being 
also present along with the hydroxide) and heat in a platinum 
capsule with a few drops of saturated caustic potash solution 
and a small crystal of KNO3, a green mass of potassium 
manganate KoMn04 is formed. Cool, dilute wiCb excess 
of water and acidify with dil. H^SO^, the pink colour of 
KMnO^ develops which is discharged by oxalic acid. 

(u) For urine and stomach v/ashings having no solid 
residue, evaporate in a Pyrex beaker about 50 c.c. of the 
material to dryness, add a few c.c. HoSO,, (1:2) and 3-4 
drops of cone. HNO3 and heat until oxidation is complete. 
Continue heating till white fumes of SO3 are given olf, the 
chlorides which interfere with the test being expelled by 
volatilizatiqn during this stage. Take up the residue in 
water, add 2 or 3 drops of 2 per cent AgNO^ solution 
(silver acts as a catalyst and also removes chlorides, if any, 
as AgCl) and filter. To the filtrate add excess of solid 
ammonium persulphate (NHJoSoOjj and heat the mixture 
on a water bath for 15-20 minutes, when the pink colour of 
permanganate appears. 

Ammonium persulphate oxidizes according to the 
following equation : 

(NHd,S, 0 „ 4- ITO (NHJ.SO, -f H,SO, + O 

(«.) In the case of viscera, vomit and faeces, take 
5-10 g. or more of the finely minced material and oxidize 
with cone, sulphuric and nitric acids and proceed as in (ii). 

Quantitative Determination of Manganese 

Take a known quantitvr of the material and ash in a large silver 
dish. Take up the ash in HCl and evaporate to dryness. (In the case 
of liquid samples, evaporate to dr>mess with cone. HCl). Add 2*5 c.c. 
of dil, H.SO/ (1:2) and 3-4 drops of cone. HNO,. Evaporate on a 
water l^ath and then on a sand hath to dryness and then gently ignite 
on Bunsen flame just to drive off the acid. Add again 2-3 cx. of dU, 
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HjSO^ (i : 2) and a little water and evaporate till the w'hite fumes of 
SO, appear. At this stage ail traces of chlorides disappear. CooL 
dilute and add a c.c. of 2 per cent AgNO, solution, shake and filter 
into a 50 c.c. flask. Add slight excess of solid ammonium persulplvate 
(in the proportion ol aiM)ut 2-5 grams of pt^rsulphate for each 
uuiUgran> of manganese likely to t>e present) and make up to 50 c.c. 
and then warm the solution on a water bath until the maximum 
depth of jxjrmanganate colour is developed which takes about 10-15 
minutes. At the same time prepare standards by diluting 0-2, 0-4, 0 6 
C.C., etc., of the standard manganous sulphate solution to about 
50 c.c. and treat them exactly as the unknown sample was treated. 
Transfer the sampie and the standards to Kessler tubes and compare 
the colours immediately. Calculate the result on the strength of the 
standard solution matched (i c.c. ol tlie standard solution o r 
mgm. of manganese). 

Preparation oj Standard Solution oj Manganese . — Dissolve 
g. of KMnCh ifi about too c.c. of water. Acidify tiie solution 
with H,SO^ and heat to boding. Add slowly a dilute solution of 
oxalic acid to discliargc the colour of permauganale, Cool and dilute 
to one litre. One c.c. of the solution contains 01 mgm, of manganese, 

II. Chromium 

Acute fX)isoning by chromium is fairly common in 
other countries and is caused by ingestion of chromic acidt 
potassium chromate and potassium dichromatc which are 
about 100 times more toxic than the salts m which chromium 
exists as katioUt e.g., chromium chloride^ chromium sul^ 
phatet etc. Fatal cases of chromium poisoning have also 
been recorded in this country. Most cases of poisoning are 
suicida] and accidental and only a few are homicidal. The 
dichromate has also been used m procuring abortion. 

Detection of Chromium. — As chromium compounds 
are readily eliminated through the kidneys and bowels, the 
urine and faeces are suitable materials for examination even 
if death has been rapid. The liver and kidneys retain 
chromium in appreciable amounts and they also yield 
evidences of chromium poisoning. The stomach contents, 
vomit and the stomach washings may contain the unchanged 
chromates or dichromates and the filtrate which is yellow 
coloured may be tested directly for chromium. If the tests 
described below fail to detect chromium in the material the 
possibility of reduction of chromates into chromium salts 
(chromium as kation) which do not respond to these tests^ 
and the presence of large quantities of organic matter which 
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mask the colour changes, are to be considered. The same 
difiBculties will also arise in the case of urine and viscera in 
which chromium salts and not chromates are presents In 
such circumstances, the destruction of the organic matter 
and reconversion of chromium compounds into chromates 
are called for. The destruction of organic matter may be 
readily done either by direct incineration and then dissolv- 
ing the ash in HCl, or by oxidation with HNO3 and HjSO^ 
as described before. The acid solution will be green due to 
the presence of chromic chlonde or sulphate. Evaporate the 
acid solution to dryness and mix the residue with an excess 
of a mixture of solid Na^COj and KNO3 and fuse. The 
fused mass wnll now contain chromium as chromates. Ex- 
tract the fused mass with warm water and filter, the filtrate 
becomes yellow which may be tested for chromates. 

Tests for Chromium 

(i) To the filtrate slightly acidified with dil. H^SO^ 
add a few drops of KI solution, iodine is liberated indicating 
the presence of dichromate. 

(u) Perchromu: acid Test — To the filtrate acidified 
with dil. H3SO4 add 3-4 c.c. of ether and then add drop by 
drop with continual shaking slight excess of hydrogen 
peroxide solution, the ether layer becomes blue due to forma- 
tion of pcrchromic acid which is soluble m ether. This test 
indicates the presence of a chromate or a dichitMnate, 

= 2HCrO,-f2H,0 

(m) To the filtrate acidified with acetic acid, add a 
few drops of lead acetate solution, a yellow , precipitate of 
lead chromate is formed which is soluble in HCl and in 
excess of NaOH solution but not in ammonia. 

(it/) To the filtrate acidified with acetic acid, add a 
few drops of AgNO^ solution, a red precipitate of silver 
chromate is formed which is soluble in HNO3 and in NH^. 

(t/) Carbazide Test.— Acidify the filtrate with H2SO4 
or acetic acid, take a drop of it on a porcelain plate and add 
to it a drop of the carbazide reagent (0 2 |:^r cent solution 
of diphenyl carbazide in 10 per cent acetic acid or in a 
mixture of one part of glacial acetic acid and 9 parts 

38 
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fAlcohol)* a beautiful pink or violet colour develops in the 
presence of chromates^ This is a very delicate test 

(vi) Add to the filtrate a slight excess of cone. H,S 04 
and then add a reducing agent, e.g,, alcohol or formalin, the 
yellow cobur of the solution changes to ^cen chromium 
sulphate. Kt.. from chromium anion to chromium kation. 

Quantitative Determination of Chromium 

Take up a known quantity (25-50 g.) of the material, destroy the 
organic matter as described before- Saturate the acid solution with 
HjS in the manner discussed oe p. 423. The acid filtrate (after 
separation erf sulphides) containing chromium as Cr,(SOJj is mixed 
with an excess of Na^COj-fKNO, and evaporated to dryness. Fuse 
the dry residue with a little more of NajCOj-f-KNO^. Extract the 
fused mass by heating with water, filter and make up the filtrate 
which contains chromium as K,CrO^ to a definite volume and take 
an aliquot portion for determination of the chromate. 

Acidify the alkaline solution with acetic acid and add barium 
chloride solution, when a mixed precipitate of barium sulphate and 
bftrium chromate (yellow coloureci) is formed. Filter the precipitate 
through a fine Swedish filter paper and wash the precipitate to free 
it from nitrates. Place the filter paper containing the precipitate in a 
hNeaker, add sufficient concentrated solution of Na,CO, and boil, in- 
soluble barium carbonate and soluble chromate are formed. Filter 
and wash. If the residue of barium carbonate is not quite white, treat 
it again with sodium carbonate in the same manner and filter. Com- 
bine the filtrates containing the chromate in solution, evaporate to a 
small bulk and transfer to a stoppered conical flask. Add 1-2 g. of 
KI and acidify wnth HCl, Allow the mixture to stand for 5-10 
minutes and titrate with N/io Na^S, 0 , solution. When the green 
colour of the reduced chromate begins to predominate over the 
brownish-red of the free iodine, add a few drops of freshly prepared 
starch solution and complete the titration until the blue colour of 
the starch is discharged. Take the reading and calculate the amount 
of chromium. 1 c.c, of the standard Na,S, 0 , is equivalent to 
0*00173 g. of chromium or 0049 g. of K,Cr, 0 , or 00033 g. of 
chromic anhydride (CrO,). 
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Symbol 

Atomic 
Weight 
0 = 16 


Symbol 

1 Atomic 

1 Weight 
j 0 = 16 

Aluminium 

A1 

26-97 

Neodymium ... 

Nd 

! 

144-27 

Antimony 

Sb 

121*76 

Neon 

Ne 

20183 

Argon 

A 

39944 

Nickel 

Ni 

58-69 

Arsenic 

As 

74-91 

Niobium 

Nb 

92*91 

Barium 

Ba 

137-36 

Nitrogen 

N 

1 14008 

Beryllium 

Be 

^•02 

Osmium 

Os 

! 190*2 

Bismuth 

Bi 

20900 

Oxygen 

0 

i6*ooo 

Boron 

B 

10*82 

Palladium 

Pd 

io6*7 

Bromine 

Br 

79*916 

Phosphorus ... 

P 

30-98 

Cadmium 

Cd 

iia*4i 

Platinum 

Pt 

-5'23 

Caesium 

Cs 

132*91 

Potassium 

K 

39096 

Calcium 

! Ca 

1 r ' 

4008 

Praseodymium 

Pr 

140*92- 


Carbon 
Cerium 
, Chlorine 
Chromium 
Cobalt 
Columbium 
Copp>er 
Dysprosium 
Erbium 
Europium 
Fluorine 
Gadolinium 
Gallium 
Germanium 
Gold 
Hafnium 
Helium 
Holmium 
Hydrogen 
Indium 
Iodine 
Iridium 
Iron 
Krypton 
Lanthanum 
Lead 
lithium 
Lutecium 
Magnesium 
Manganese 
Mercury 
Molybdenum 


1201 

14013 

35'457 

5201 

5894 

92-91 

6357 

162*46 

167*2 

1520 

1900 

156*9 

6972 

72*60 

I97‘2 

178*6 

4003 

164*94 

1*00 80 
114*76 
126*92 

1931 

55-85 

83-7 

138-92 

207*21 

6*940 

17499 

24*32 

54-93 

200*6i 

95-95 


Protoactinium 

Radium 

Radon (Niton) 

Rhenium 

Rhodium 

Rubidium 

Ruthenium 

Samarium 

Scandium 

Selenium 

Silicon 

Silver 

Sodium 

Strontium 

Sulphur 

Tantalum 

Tellurium 

Terbium 

Thallium 

Thorium 

Thulium 

Tin 

Titanium 

Tungsten 

Uranium 

Vanadium 

Xenon 

Ytterbium 

Yttrium 

Zinc 

Zirconium 


231 

226*05 

222*0 

186*31 

102*91 

85-48 

101*7 

ioO*43 

45*10 

78*96 

28*06 

107*880 

22*997 

87*63 

3206 

180*88 

127*61 

159*2 

204*39 

232*12 

1694 

118*70 

47-9 
183*92 
238*07 
50 *95 
131*3 

17304 

88*92 

65-38 

91*22 
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Abel's apparatus, 46 
Abrin, 532 

agglutination test, 534 
Abrine, 552 

Abrus precatorius, 532 
biological test, 534 
Accessory food j actors, 380 
Acetaldehyde, 113. 
ammonia, 115 
bisulphite, 116 
cyanhydrin, 116 
oxime, 116 
phenylhydrazone, 116 
resin, 115. 
semicarbazone, 116 
Acetamide, 150 
Acetanilide, 284, 515 
determination, 516 
tests for, 515 
Acetates, 142 
Acetic acid., 139 
anhydride, 148 
ester, 159 
ether, 159 

Acetoacetic acid, 178 
ester, 178 
Acetone, 121 

busulphite, 122 
bodies, 121, 182 
cyanhydrin, 122 
oxime. 123 

phenvlhydrazone, 123 
semicarbazone, 123 
Acetophenetidin, 516 
Acetophenone, 31 1 
Acetylation, 148 
Acetvl chloride, 146 
choline 230 

gTOTTD. 78 
salicyclic acid, 315 
urea, 2*;8 
Acetylene, 60 
series. «;6 
tetrachloride, 63 


Acetylides, 63 
Acetylinic acid series, 156 
Achroo-dextrin, 225 
Acid amides, 148 
anhydrides, 147 
chlorides, 145 
Aconite, 352, 499 

alkaloids, 352, 499 
Aconitine, 352, 499 
chemical tests, 502 
physiological tests, 502 
Aconitum balfourii, 500 
chasmanthnm, 500 
deinorrhizum, 500 
ferox, 500 
napellus, 352, 500 
spicatum, 500 
Acridine, 326 
Acrifiavine, 326 
Acrolein, 118 

Additive compounds, 54, 59. 63 
Adenine, 263 
Adermin, 404 
Adipic acid, 174 
Adonite (Adonitol), loi 
Adrenaline, 248 
Agar-agar, 228 
Aglucone, 230 
Aglycone, 230 
Alanine, 362 
Albumins, 373 
Alcohol, 80, 465 
absolute, 85 
anhydrous, 85 
beverages, 86 
determination, 89, 468 
dibvdric, 92 
ethyl 80 
hexahydric, loi 
methyl, 75 

monohvdric saturated, 71 
monohvdric unsatnrated, 91 
pentahvdric, loi 
polyhydric, lor 
power, 87 
pnmary, 71 



598 


INDEX 


Alcohol 

secondary, 71 
tetiary, 71 
tctraiiydric, loi 
trihydric, 94 
Aldehydes, 108 
saturated, 108 
unsaturated, 118 
Aldol. 1 16 

condensation, 116 
Aldose. 196, 200 
Ale. 86 

Alicyclic compound, 265 
Aliphatic compounds, 43 
Alizarin, 324 
Alkalo'ds ^31 
isolation, 333 
non-volatile 483 
reaeents, 333, 479 
volatile, 477 
Alkaptonuria. 367 
Alkyl cyanides, 239 
disulphides. 133 
hydrosulphides. 130 
isoevanides. 240 
isothiocyanates, 242 
radicals. 32 
sulohides. 132 
thiocyanates. 242 
AlloDhanx acid 391 
Aliyl a’cohol, or 

isothinc^r^jfi^te. 233, 242 
propyl dishlphide, 133 
Alvarez re;>ction, 502 
Amatol, 280 
Amber, 177 
Arr'hiar^on, 206 
• Amides acid, 148 
Amidines. 257 
Amines. 244 
mixed. 244 
simple. 244 

Amino acebc acid, 365 
acids. 359 

acids essential, 364 
benzene, 283 
compounds. 281 
Ammonia, combined and free, 
determination, 455 
for, 455 


Ammonium, 452 
cyanate, 239 
thiocyanate, 242 
* Ampholyte, 360 
AmygdaJin, 233 
Amyl alcohol. 90 
active, 90 
iso & normal, 90^ 
tertiaty, 91 
Amyl nitrite, 161 
Amylase, 103, 223 
Amylene hydrate, 91 
Amylo pectin. 223 
process, 83 
Amylopsin, 103^ 224 
Amylos^ 223 
Amylum, 222 
Analyser, 185 
Aneurin, 395 
Aniline 283. 476 

determination, 477 
tests for, 283, 477 
Animal starch, 225 
Anisole, 304 
Anthioraaline, 298 
Anthracene. 324 
oil, 268 

Antbraquinone, 324 
Anti beri-beri vitamin, 395 
Antibbtics, natural. 298 
An^ifebrin. 284, 515 
Antimalarials synthetic, 340 
Antimony, 572 

content of tissues in poison- 
ing, 575 

detenri'nation. 573 
organic antimonials, 297, 574? 
in visLpra. 575 
tests for, 572 
AntiDvrine. 287 
Aoomorphine, 346 
Ambnn. 226 
Arabinose, 198 

Ar^'bifM TOT 

Arprb’dic acid, 144 
Ar"ina«e. to6 
Arginine. 363 
Arcrol 189 
Ab«rtorbin. 339 
Arivtol. 306 
Aromatic acids, 31 1 
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Benzylidlne dichloride, 278 
Aromatic alcohols, 308 
aldehydes, 309 
amino compounds, 281 
dibasic acids, 317 
hydrocarbons, 265 
ketones, 31 1 
nitro compounds, 278 
sulphonic acids, 289 
Axrowroot, 222 
Arsacetin, 296 
Arsanilic acid, 296 
Arsenic, 22, 551 

arsenious Sc arsenic, 566 
Bettendorff's test. 554 
content of faeces, 563 
content of foods, 563 
content of tissues. 562. 

565 

content of urine, 563 
determination, 555 
orfs^anic arsenicals, 296, 564 
in viscera. 565 
tesU for. 353 
Arylamines, 281 
Ascorbic acid, 408 
Aspartic acid, 363 
Aspirin, 316, 312 
tests for. 314 

Asymmetric carbon atom, 183 
Atebrin, 341 
Atomic number, 33 
Atomic wei^^hts, 595 
Atoxvl, 206 

Atropa hedndonna. 349. 49b 
Atropine. ^/iQ. 4 q6 

chemV^l te«;ts. 408 
determ'n^t’on 4Q9 
pbv*=iolpr’’cal te^t, 409 
Aiifrerht's albuminometer, 372 
Averrin. 00 
Azeotropic mixtures, 9 

process, 8s 

Azo benzene. 288 

compound*; 287 

dx^es. 288 
Azulmic acid. 235 

B 

Babo-Frc^enius method, 421 
for mercury, 569 


Baeyer's strain theory, 55 
Bagchi's test, 554 
method, 507 
Bakelite, 112 
Bakhar, 83 
Balsams, 358 
Barbital, 508 
Barbitone, 259, 508 
Barbiturates, 259, 50^ 

Barbituric acid. 239 
diethyl, 259 
phenyl ethyl, 259 
Barfoed's reagent, 204 
Barium, 575 

determination, 576 
distinction from Ca & Sr, 576 
tests for, 576 
Bariev sugar, 217 
Beam's test, 529 
Beckmann's 

freezing point apparatus, 25 
thermometer, 25 
Beer. 86 
Beet root. 216 
sucar, 215 
Beilstein's test, 'ii 
Benedict's solution, 205 
Benzal chloride. 278 
Benzaldebvde, 309 
Benzamide. 314 
Benzene 272 

hexabromide, 272 
hexachloride, 272 
hydrocarbons, 265 
nucleus. 271 
sulphonic acid, 2Q0 
Benzidine conversion, 288 
Benzme. 43 
Benzoic acid. 312 
Benzoin condensation, 31 1 
Benzol, 272 
Benzoline 45 
Benzonitrile, 291 
Benzophenone, 3 ^ 

Bpnzop\TTo’e. 329 
Benzotrichloride. 278 
Benzovlntion. 313 
Benzov! chloride, 313 
plvcine. 363 
Benzvl alcohol 308 
chloride, 278 
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ecttendorfl's test 554 
rea^^eat. 555 
Beverages alcoholic, 86 
Blumg, 526 
Bhilawanoi, 542 
Bial's orciool test, 198 
Biological value of proteins, 378 
Biose, 196 
Biotin ^ 408 

BismaixJt brown test, 545 
Bitter almond oil. 309 
Bitter principles, 234 
Biuret. 254 

reaction, 254 
test. 254. 371 
Black's test, 539 
Blasting gfelad^. 100. 227 
Blyth's test. 496 
Bofling point. 

determinatioQ. 8 
semi-micro method. 8 
Bomb furnace. 20 
Bond, non-polar. 36 
polar. 36 
aemi-polar. 36 
FV>ne oil, 327 
Bomeoi, 354 
Bouqoat's test, 530 
Boorquin Sherman Unit, 401 
Brandy, 86 
British gum, 225 
Broroelin, 104 
Bromine, detection, 11 
Bromoform, 69 
Broraural, 258 
Brucine, 343, 496 
te?Ttsr for, 496 
Gotadilne. 57 
Butanefn-). 53 
Batafi-2-one, 124 
Butter 

artificial, 170 
Butyi alcohol (n-), 90 
ferment, T05 

BuFv! chloral hvdrate, it8 
Butvric acidfn-), 143 

C 

Cacodyl oxide, 143 
Cadaveric alkaloids, 432 
Ou^verine, 247 


Caffeine. 263 
Calciferol, 3 ^ 7 . 3 ^ 

Calcium carbide. 60 
Calotropis gigantea. 536 
procera, 536 
Omphene, 356 
Camphor, 356 
Canada balsam, 358 
Cane sugar, 215 
Cannabinol, 528 
Cannabis indica, 526 
sativa. 526 
tests for, 529 
Cannizzaro’s reaction. 308 
Caoutchoucine, 86, 416 
Capric acid(n-). 144 
Caproic acjd(n-). 143 
Caprokol, 3^ 

Caprv’lic acid(n-), 144 
Caramel, 217 
Carbachol, 250 
Carbamic acid, 251 
Carbamide. 252 
Carbarsone, 2^ 

Carbazolc. 324 
C.ar!)ii^l. 75 

Carbocyclic compounds. 320 
Carbohydrates, 194 
Carbolic acid, 302, 447 
oil, 268 

Carbon, detection. 10 
determination, 14 
tetrachloride, 70 
Carbon monoxide, 433 
chemical tests, 434 
determination in blood. 435 
spectroscopic test, 434 
Carl>onyl chloride 67, 68, 251 
Carboxyl group. 134 
Carboxylase , 106 
Carbvlamine phenyl 67 
reaction. 68, 283 
Carbvlamines, 240 
Curias' method, 20 
Carotenes. 385 
Casein. 374 
Catalase. 105 
Catalysts, tot 
Catechol. 306 
Celluloid, 227 
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Cellulose, 227 
Centric formula, 270 
Cerbera odoUam, 523 
thevetia, 523 
Cerbeiin, 525 
Cerebroeides, 173 
Cereeine, 47 
Cerotic acid, 144 
Ceryl alcohol, 91 
Cetyl alcohol, 91 
Cevitamic acid, 40B 
Champagne, 86 
Charas, 527 

Chaulmoogric acid, 154 
Chiniofon, 328 
Chitin, 2:0 
Chitosamine, 210 
Chitra {chita), 521 
Chloral, 117 

alroholate. 117 
Chloral hydrate, 118. 471 
determination, 474 
tests ;or, 472 
Chloramine T, 292 
Chloretone, 68 
Chlorides, 441 

determination, 442 
tests for, 442 • 

Chlorine, detection, it 
determination, 22 
Chloroacetopbenone, 31 1 
Chlorobutol, 68 
Chloroform, 65, 474 
determination, 475 
tests for 67, 475 
Chloronitrotoluene sulphonic 
test, 476 
Chlorophyll. 2 
Chlompicnn 69 
Chloronl^tinic .acid, 481 
Chlorotoluene (o-), 276 
Chole^^terol, 172 
Choline, 250 
acetvl. 2«;o 
ChoiKlrry<jamine. 2TO 
ChromMim, <02 

determmnt’on. 594 
te-ds for. 

ChroTnonr<>tein«. ?75 
Chrvso^'^^^ne. 288 
Cider. 86 


Cinchona, alkaloids. 337 
febrifuge, 337 
Cincbonidine, 340 
Cinchonine, 340 
Cinnamic acid, 314 
alcohol, 30^ 
aldehyde, 31 1 
Cis form, 178 
( itral, 118 , 

Lilric acid, 192 
Citrin, 412 
Citronellal, 118 
Cleistanthus collinus. 540 
tests for, 541 
Clupanodonic acid, 155 
Coagulation reactions, 371 
Coal, dry distillation, 266 
gas. composition, 267 
tar, distillation, 267 
Cocaine, 350 505 

determination, 507 ^ 
physiological test. 506 
sut^titut^, 351, 506 
tests for, 504 
Codeine, 346, 491 
tests for, 492 
Collodion, 227 
Colophony, 355 
Combustion furnace, 15 
tube, 14 

Condensation, 116 
Conden.'^^d ring nuclc iis', 321 
Condenser air, 5 
Liebig's 5 
Coniine, 336 

Conjugated proteins, 375 
Constant boiling mixtures, 9 
Constitutional formula, 30 
Continuous ether process, 126 
Co-ordinate linkage, 40 
Copper, 586 

content of tissues, 589, 590 
determination, 588 
tests for. 587 

Coramine, 327 
Cordite, 100. 227 
Corrosive acids, 436 
alkalies, 4^2 
metallic salts. 456 
Countr\^ liauor. Indian. 87 
Coupling, 288 
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Covalent linkable, 37 
Cream ol tartar. 189 
Creatine, 257 
Creatinine, 258 
Creosote oil, 268 
Cresol. 305, 451 

determination, 452 
tests for, 452 
Crotin, 535 
Croton oil, 535 

chemical tests, 535 
physiological tests, 536 
Croton aldehyde. ttS 
oleic acid, 535 
tiglmm. 534 
Crotonoside, 535 
Cryoscopic method. 25 
Crystallization, alcohol of, 77 
Cuprous acetyl id e, 63 
Curare (curarine), 493 
Cyanamidc. 243 
Cvanate potassium, 239 
Cvanx acid, 242 
Cyan'des, 238. 461 
complex, 240 
double, 239 
Cyanopen, 23*; 

compounds. 235 

Cyanoeenetic (Cyanophoric) glu- 
cosides. 2^0 

Cvanurc acM. 242, 254 
Cyclic compounds, 265 
ureides 2<8 
Cvclohexane. 26s 
Cvclonentane, 265 
Cvmoepne 4 S 
Cv«r*amine. 112 
Cv^^^eine, ‘^ 6 '^ 

Cytosine. 260 

D 

Dagenan, 518 
Dam Unit, 394 
Datura fa«tuosa, 350, 496 
Jdramrnium, 349, 496 
D.D.T.. 277 
Deaminase, tos 
Decvlic acidTu ). T44 
Denatured jmirt, 86 

reagent. 193 
test, 7c, 193 


Destructive distillation, 
of coal, 266 
of wood. 76 
Dextrin. 224 
Dextro form, 183 
rotatory, 185 
Dextrose, 201 
Dhuirin, 233 
Diacetic acid, 178 
Diacetonamine. 122 
Diacetvlenes, 56 
Diallyl disulphide, 133 
Diasone, 296 
Dias+ase, 82, T03 
Diazo compounds. 284 
reaction. 283 
D'azonium salt. 285 
I>azotizat'on. 285 
Dibasic acids, saturated, 174 
unsaturated. 177 
Dichloracet’c acid, 145 
Dichloroacetone, 123 
Dichlorodiethyl sulphide (88'-)^ 
t33 

Dichloropropane (^^•), 123 
Dievsteine, 363 
Dienol reaction, 203 
Diethyl amme, 247 

barbituric acid. 259 
ether. 126 
sulphate, 162 
sulphide. 

Diethylene dioxide, 94 
Digestibilit*/ coefficient of pro- 
teins. 378 

Digitalis glycosides, 231 
D'gitoxin, 231 
D’hvdric phenols, 306 
Dihydroxv benzene. 306 
succinic acid, 188 
EHmethyl. 52 

benzenes, 274 
ketone. 121 
sulphate. 162 
sulphide. 133 

Dimcthylamino (p-) . benzaldehyde 
tests, 5 *? 7 . 519* 530 
Dinitrnbenzenc tm-), 380 
reaction. 203 
Dinitrotoluenes. 280 
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Diolefinea, 56 
Dioxan. 94 
Dipeptide, 370 
Diphenyl ether, 304 
ketone, 31 i 
oxide, 304 

Diphenylbenzidine reagent, 458 
Dippers oil, 327 
Disaccharidea. 215 
Distillation fractional. 5 
in steam, 7 
in vacuo, 6 
Diureides cyclic, 260 
Dixanthyl urea, 255 
t)odecvlic acid, 144 
Dopa oxidase, 105 
Doremus apparatus, 256 
Double bond, 55 
cyanides, 239 

Draggendorff's reagent, 333, 479 
Drunkenness definition, 465 
Dry distillation of 
rx)a], 266 
wood, 76 

Drying oils, 154, 167 
Dulcite (Dulcitol), loi 
Dumas' method, 17 
Dumreicher's method, 44a 
Dunstan's test, 99 
Duplet, 33 
Dutch liquid, 59 
Dynamic equilibrium, 159 
isomerism, 31 
Dynamite, 100 


E 

Ebullioscopic method, 27 
Ehrlich, 606. 297 
9 M. 297 
test. 329 

Kkkert's test, 51 1 
Elaidic acid, 153 
Electronic theory of valency, 32 
Electrovalent linkage, 36 
Emetine, 347 
Emp'rical formula, 22 
Emulsin, 104 
Endothermic substance, 61 
EdoI fbrih, 31, 179 


Entcro-vioform, 328 
Enzymes, loi 
Eosin, 318 
Ephedrine, 249 
Epinephrin. 248 
Ergosterol, 172 
Ergot, 172, 344 
Ergotoxine, 344 
Erucic acid, 153 
Erythrite, 10 t 
Erythritol, loi 
Erythrodextrin, 225 
Erythrol, loi 
Erythrose, 197 
Esbach’s reagent, 372 
Essential amino acids, 364 
Essential oils, 353 
Esterase, 104 
Esters, 156 
acid, 157 
normal. 157 

Ethanal, 113 
Ethane, 52 
thiol, 1 31 
Ethanol, 80 
Ethene, 57 

Etherification process, continu- 
ous, 126 
Ether, 126 

diethyl, 126 
ethyl, 126 
methylated, 128 
mixed, 125 
petroleum, 45 
simple, 125 
sulphuric, 126 
Ethine, 60 

Ethoxy (v-) acetanilide, 516 
Ethyl acetate. 139 
aceto acetate. 17^ 

Ethyl alcohol. 80. 465 

determination. 8q. 468 
consent of blood and urine*. 

466. 460 

te'^ts ^or, 89, 467 
Ethvl benzoate, 313 
carbamate. 2^2 
carbonate. 2«;i 
chaulmoopTate. TS4 
chloroformate, 251 
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Ethyl chloride, 70 
ether, 126 
hydnocarpate, 154 
hydrogen sulphate, 57, 80, 162 
iodoacetate, 145 
mercaptan, r^i 
nitrate, 161 
nitrite, 
oxide, 126 
peroxide. 129 
thiocyanate. 242 
urethane, 252 
Ethylene, 57 
glvcol. 92 
oxide, 93 

Ethylidene bromide. 64 
Eugenol, 301. 355 
Euquinine. 339 

F 

Pats, 163 

Fatty acids monobasic. 134 
saturated. 134 
unsaturated, 15 1 
volatile, 135 
Fatt>' oils, 163 
FehHng's solution, iqo, 204 
Fenton's test, T90 
Fermentation, 81 
acetic, 140 
alcoholic, 81 
butyric acid, 105 
mechanism, 83 
lactk acid, i^> 

Ferments, 81, loi 
Fire damp, 49 
Fittig's reaction. 270, 273 
Fixed oils, 163 
Flash point. 46 
Florence test, 250 
Fluorescein, 318 
Folinerin 523 
Formaldehyde, 109 
Formalin, iii 
Formamide, J50 
Fhrmic add, 136 
Formol, in 
Formose, in 
Formula constitutional, 30 
emoirical, 21 
graphic. 30 


molecular, 22 

Fractional crystallization, 3 
disillation. 5 

Fractionating columns, 6 
Freezing point depression, 25 
Freon, 70 

Freaeniufi and Babo method, 421, 
569 

Friedel and Craft's reaction, 271. 

273 

Froehde’s molybdic acid, 489 
Froehde’s reagent, 489 
Fructose. 210 
Fruit sugar, 210 
Fulminic acid, 242 
Fumaric acid. 177 
Furfuraldehyde, 198 
Furfural reaction, 198 
Fusel oil, 84 


Galactohpoid, 173 
Galactose, 213 
Galacturonic acid, 213 
Galalith, 112 
Gallic acid, 316 
Gallotannic acid, 317 
Gammexane, 277 
Ganja, 527 
Gardenal. 508 
Garlic oil. 133, 355 
Gas liquor. 267 
Gasoline, 45 
Gayer effect, 528 
Gelatin, 374 
Gelignite. 100 

Genera] formula, 43. 56, 74. 109, 
120, 125, 134 

Geometrical isomerism. 153, 178, 

285 

Geraniol, 91 
Gerhardt's test, 178 
Gerrard's test, 498 
Ghee, 170 

vegetable, 168 
Gin. 87 
Gliadins, 374 
Globulins, ^74 
Gbiconic add, 207 
Glucosamine, 210 
Glacosazone, 205 



Glucose, 201 

cyanhydrin, 206 
estimation m blood, 208 
fermentation, 207 
mutarotation of, 208 
oxime, 206 
pentacetate, 206 
phenylhydrazone, 205 
structure, 208 
Glucosidase, a- & t04 

GiUcosides, 207, 230 
Glutamic acid, 363 
Glutanc acid. 177 
Glutathione, 377 
Glutellins, 374 
Glyceric acid, 98 
aldehyde, 196 
Glycerides, 99, 165 

mixed Sc pure, 165 
Glycerine. 94 
Glycerol, 94 

monoformate, 137 
monoxalate, 137 
Glycerophosphoric acid, 99 
Glycerose. 9^ 
d-Glycerose, 197 
Glyceryl trichloride. 98 
trinitrate, 100 
Glycine. 365 
Glycocoll, 365 
Glycogen,- 225 
Glycol, 92 
Glycolipoid, 173 
Glycollic aldehyde. 196 
Glycolose. 19b 
Glycosides, 230 

cyanogenetic, 230 
Glycuronic acid. 207 
Gly^xal. 93 
Glyoxalic acid, 371 
Glyoxaline, 348 
Glyoxylic acid, 371 
reaction, 371 
reagent. 371 
Glyptal resins. 98 
Gciden syrup, 216 
GouIard*s lotion, 1^2 
Goza, 527 

Gracillaria confervoides, 228 
Gram molecule, 25 
Grape img^, 201 


Graphic formula, 30 
Green oiJ. 268 
Gries&-Iiiosvay test, 545 
Grignard's reagent, 50, 73 
Guanase, 106 
Guanidine, 237 
Guanine, 263 
Guano, 261 
Gum arabiC. 226, 229 
benzom, 312 
Britisn, 225 
resins, 358 
tragacanth, 226, 229 
Gums, 229 
Gun cotton, 227 
Gunzberg's reagent, 442 
Gur, 215 
Gutzeit test^ 

for antimony, 573, 574 
for arsenic, 559 

H 

Halogen detection, ii 
determination, 20 
hydrocarbons, 65 
Hard soap, 168 
water, 169 

Hardening of oils, 168 
Hashish, 527 
Heavy oil. 268 
Hrdonal, 252 
Hfller's test, -^72 
Hehner's test, 79, 113 
Hem icellu loses, 228 
Hemp Indian. 526 
Hepatoflavin, 398 
Heptan-2-one, 124 
Heptoic acid, 144 
Heroin (Heroine), 346, 490 
tests for, 491 

Heterocyclic compounds, 325 
Hexadecyl alcohol (n-). 91 
Hexadecylic acid, 144 
Hcxahydric alcohols, loi 
Hexahvdro benzene, 272 
Hexamethylene tetramine, 112 
Hexamine. ri2 
Hexane(n-), 53 
Hexoic acid, 143 
Hexosans, 222 
Hexoses, 200 




It 4 D£X 

Hexutd^c acid. 408 

[minaxole ethylaxnine {fi-)* ^4^ 

Hexyl resorciool^ 307 

Imino carbamide, 257 

Hippuric acid, 312. 365 

group, 32 

Histamme, 243* 248. 368 

Inactive form. 183 

Histidipp, 368 

Indian country liquor, 87 

Histones, 373 

indican, 330 

Hofmann's bottle. 24 

Indigenous poisons, 521 

reaction. 150. 245 

Indigo, blue white. 330 

Homocyclic compounds. 265 

Indo.e, 329 

Homojfentisic acid, 367 

Indophenol test, 477, 515. 517 

Homoiogues. 30 

Index yl. 330 

Homologous senes, 30, 43. 36, 

74, I nosite, 214 

109, 120. 125. 134, 174. 273 

Inositol, 214 

Hty^kah water, 478 

Insecticides 277 

Hopkins th.ophene test. 181 

Insulin. 377 

Hopkins Cole reaction, 371 

Internal compensation. 191 

Husemann's test, 488 

Inu.ase, 226 

Hydnocarpic acid, 154 

Inulin, 226 

Hydrocarbons saturated. 43 

Inversion, 217 

unsaturated, 54 

Invert sugar, 217 

Hydrochloric acid. 441 

Invertase, 82, 104 

determination, 442 

Iodine 

tests lor, 442 

detection, ii. 547 

Hydrocyanic acid, 236. 461 

determination, 20, 547 

d#»tprmination, 465 

value, 167 

tests for. 4t>2 

Volhard's method, 547 

Hydrogen detection, 10 

Iodoform, 69 

determination. 14 

reaction, 89 

Hydrogenation. 168 

lodogorgoic acid, 363 

Hydrolysis, 158. 159 

lodol, 329 

Hydroquinone. 130* 307 

foninol 382 

Hydroxy acids. 179 

Iron, detection, 13 

heniene. 302 

Isinglass Japanese, 228 

benzoic acid (0-), 314 

Tsobutane, 53 

benzoic acid (p). sis 

Isobutyl alcohol, 90 

butyric acid {QA* 182 

Isocyan’de test, 68 

elutamic acid, 363 

Isocyanides. 240 

indole (fi-). 33^ 

Isodulcite, 199 

phenyl ethvl amine, 248 

Isoelectric point, 361 

oroline, ,364 

Isohydrocyan ic acid, 237 

propionic arid, lyy 

Isoleucine, 362 

toalenes. 3051 ^ 

Isomers, 31 

Hyosdne, 349 

Isonitrile*, 240 

Hvoficyamine. 349 

Isopentane, 53 

Hyoacyamus nigcr, 349. 496 

Isopropyl alcohol, 90 

Hvpnonc. ^xx 

Isoquinoline. 328 

Hvpoxantliine. 263 

Tsothoicyanate, 242 

1 

laotopc, 32 

niominaing oil, 45 

iBOvalerianic acid. 143 

Imido tirvar 257 

laovalcric acid, 143 
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J 

alap resin, 358 
equirity, 532 
orissens' test, 513 
[ute, 228 

IT 

Kaner, pi^, 523 
Karabi. 523 
Katayama's test, 434 
Kekule ormula, 2^ 
Keller^s test, 526 
Keratin, 374 
Kerosene, 45, 46, 475 
determinati<in; 476 
tests for, 475 

Ketobutyric acid 178 

Keto form^ 31, 179 
Ketone bodies, 182 
Ketones, iig 
mixed, 119 
simple, 1 19 
Ketonic acids, 178 
Ketose, 196. 200 
Ketone test, 212, 217 
Kieselgnhr, 100 
Kjeldabl method. 18 
Knocking, 48 

Knoop's reaction, 248, 368 
Kolbe's reaction, 315 
Kondo's test, 329 
Kraut's reagent, 333. 479 
Kuchila. 493, 496 

L 

Lactic acid, 179 
ferment, 105 
Lactase, 104, 219 
Lactobionic acid, 219 
Lactoflavin, 398 
Lactosaione. 219 
Lactose. 218 
Laevo form, 183 
rotatory, 183 
Laevulo^e, 210 
Lakes, 324 
Lanolin, 171 
Lard, 163 

Lassaigne's test. 10. ii 
Laurie acid/ 144 


Lead, 576 

content of hair, 584 
content of tissues, 582, 583 
content of wine, fseces, 583 
determination, 585 
solubility in serum, 577 
tests for, 580 
Lead acetate basic, 142 
normal, 142 
subacetate, 142 
tetraethyl, '48, 578 
tr'ethyi, 578 

Le Bel and van't Hoff theory, 183 
Lecithin, 100, 173 * 

Legal's test, 124. 329 
Lethal concentration minimum, 69 
I-^ucine, 366 

Liet>eiTnann's test, 302. 303, 448 
Liebennann Burchard reaction, 

/ 172 

Liebig's condenser, 3 

Light oil. 268 

Ligroin, 45 

Linamarin, 104, 233 

Linase, 104, 233 

Linoleic acid, 154 

Linolenic acid. 155 

Linoleum, 154 

Linolic acid, 1S4 

Linseed oil, 154 

Lipase, 97, 104 166 

Lipines, 158 

Lipoid, TOO 

Idquid paraffin, 46 

Liquorice, Indian, 532 

Local anaecthetics, Synthetic, 351 

rx)ne pair, 40 

Lubricating oils, 46 

Luminal, 259, 508 

determination, 511 
tests for, 5 if 
Lysine. 363 
Lysol, 305, 451 

M 

Madar, 5^6 

chemical test, 539 
physiological test. 540 
Madder. 324 

Magnesium alkyl halide, 50 
Maiun. .327 
Malaquin's test, 494 
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Maleic acid vfj 
Malic acid, 187 
Malonk aci(i» 177 
Malonyl urea, 259 
Malt, 83 

sugar, 200 
vinegar, 140 
Maltj^, 82, 103 
Maltobionic acid, 221 
Maitosaxonc. 221 
Maltose. 220. 

Mandclic acid. 310 
Mandelin's reagent, 494 
Manganese, 593 

determination, 591 
tests for. 591 

Manna. loi 

Mannan. 214 

Mannich’s test, 70 

Mannite (Mannitol), loi. 214 

Mannosan, 214 

Mannose, 214 

Margarine, 1 70 

Marking nut, 541 

chemical tests. 542 
physiological test. 543 
Markownikoff rule, 64 
Marquis reagent, 487 
tests, 79, 487 
Marsh gas, 49 
Marsh's test, 554, 556 

diJffcTenliation of antimon\ 
from arsenic, 558 
for antimonv, 558, 573 
for arsenic. 556 
precautions about, 559 
Marsh-Bcrreliofl test, 356 
Mayer’s reagent, 333. 479 
Mecke’s test, 487 
Meconic acid, 48#. 489 
Medinal, 259. 508 
Melanin. 105 
Melissic acid, 144 
Melissvl alcohol, 91 
Melting point determination, 4 
Menthol, 357 
Mepacrine. 341 
Mercaptans, 130 
Mercaptides, 130 
Afcrceriration. 228 


Mercuric chloride solution. 481 
Mercuric cyanate, 235 
cyanide. 238 
thiocyanate, 242 
Mercurochrome, 3t8 
Mercury. 567 

determination, 569 
fulminate, 239 

mercurous and mercuric, 371 
tests for, 568 
Mesitylene, 123, 275 
Meso tartaric ^cid. 191, 192 
Meta compound. 269 
formaldehyde, in 
fuel, 115 
proteins, 376 * 

MetaJdehyde, 115 
Metamerism, 119. 123 
Methanal, 109 
Methane, 49 

hydrocarbons 43 
thiol. 131 

Methanol, 75 
Methionine, 363 
Methyl acetate, 159 
acrolein, 118 
alcohol, 75, 469 
determination, 471 
tests for, 78, 470 
amine, 247 
amyl ketone, 124 
benzene, 273 
bromide, 52 
carbinol, ^ 
chloride, 51 
ethyl ketone. 124 
glucosides, 207, 20S 
indch*. 329 
mercaptan, 131 
nonvl ketone, 124 
oxalate, 77 
pentoses, 199 

Methylated spirit, S6 
industrial, 86 

Micro method, boiling point, 8 
molecular weight Rast, 76 
Middle oil, 268 
Milk sugar, 218 
Millon's test, 370, 448 
Mineral oil, 44 



Mirhane oil of. ^8o 
Mitachftrlich's test. 550 
Modak, 527 
Moir's teet, 545 
Molass^, 81, 216 
Molecular depression, 25 
formula 22 
Molecular weight, 23 

chemical methods. 27 
distillation. 383 
physical methods, 23 
Molisch's reaction, 194 
Monobasic acids, saturated, 134 
iinsaturated, 15 1 
Monochlor acetic acid, 145 
benzene. 276 

Monohydroxy succinic acid. 187 
Monolodo acetic acid, 145 
ethyl ester, 145 
Mononitro toluenes. 280 
Monoeaccharides. 195 
Moore's test, 203 
Mordanted, 325 
Morphine, 345, 485 
chemical tests, 487 
determination, 489 
Motor spirit, 45 
Mucic acid. 213 
MucMages, 229 
Mucins, 375 
Mucoproteins, 375 
Mucor Vacemosus, 83 
Murexide test, 262 
Muscle sugar, 2T4 
Mustard gas, 133 
oils. 242 

Mutarotation, 208, 209 
Mycosterols, 171 
Mydaleine, 432 
Mydriatic alkaloids 349 
Myricyl alcohol, 91 
Myrosin, 104, 2^ 

Naidu's digestion method, 570 
test for madar, 539 
Naphtha solvent. 268 
Naphthalene, 321 
Naphthene 44 
Naphthol (fi'j reagent, 507 
Naphthols, 323 
Naphthanuinone, 323 


Naphthylamines, 323 
Narcotine, 345, 484 
Natural jgas, 44, 49 
Neosalvarsan, 297 
Neostibosan, 298 
Nerin, 523 

Nerium odorum, 523 
odoratum, 523 
Nessler's reagent, 455 
Neurine. 432 
Neutron, 32 
Niacin. 401 
Niacinamide, 401 
Nicol prism, 184 
Nicotinamide, 401 
Nicotine. 335, 478 
biological test, 482 
chemical tests, 481 
in cigarettes, 478 
determination, 483 
in tobacco, 478 
Nicotinic acid, 401 
Nitrates, 438 

determination, 440 
tests for, 439 
Nitric acid, 438 

determination, 440 
tests for. 439 

Nitric-sulphuric acid digestion, 421 
Nitriles, 239 
Nitrites, 544 

determination, 545 
tests for, 544 
Nitro benzene, 279 
cellulose, 227 
chloroform, 69 
chronic reaction, 203 
compounds, 278 
ethane, 162 
glycerine, 100 
naphthalene, 323 
paraffins. 161 
Nitrogen detection, 10 
determination, 17 
Nitrometer Schiff's, 17 
Nitrosamines, 246 
Nobel prize, 100 
Nobers explosive oil, 100 
Non-drying oils, 167 
Non-saponifiable matter, 167 
Norleucine, 362 
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Novocaino, 351, 

Nocktfu: substitatioo, 271 
Nucleo protemi, 375 
Noctous bcnicnc, 271 
Nylaaders solution, 203 

O 

Oct&decylic acid, 144 
Octane (n-). 53 
Octane number, 48 
Octet, 33 

Octyl alcohol (n-). 9 ^ 
Octylic acid (n), 144 
Odnvan, 540 
Oduvin, tests for, 541 
Oenanthic acid. 144 
Oil, bitter almond, 309 
drying, 167 
fatty. 163 
hxed. 163 
gaultheria, 75 
non-drying, 167 
semi-drying, 167 
wintcrgreen, 75 » 3^4 
Oleanders, 523 

active principles, 5*3 
chemical tests. 5*5 
physiological tests, 5*^ 
Olefiant gas, 57 
Olefines. 56 
Oleic acid, 15* 

Olein, 99. 15* 

Oloo resins, 35^ 
Oligosaccharides, 215 
Oliver's test, 488 
Opinm, 344 » 4®3 

alkaloids, 344 » 483 
Optical activity. 183 
isomerism, 183 
Organic catalysts, loi 
Ortho compound, 269 
Osazmie, 205 
Otmic add. 167 
Ouabain. 232 
Ovoflavin, 398 
Oxalic acid, i 74 » 443 
determination, 445 
teste for. 176. 445 
Oxidases. T05 
Oxyacetylene blowpipe 62 


Oatybutyrase tP-), X05 
Oxygen detection, 10 
determination, x6 
Ozokerite, 47* 

Ozonido, 60 

P 

P. P. factw, 401 
Pachwai, 83, 86 
Plalet's reaction, 502 
Palmitic acid, 144 
Palmitin, 165 
Paludrine, 342 
Pamaquin, 341 
Pantocaine, 35* 

Pantothenic acid, 406 
Papain, 104 
Paia compound, 269 
Para£&n hydrocarbons, 43 
liquid, 46 
wax, 46 

Paraffins, 43, 475 
Parafonn, iii 
Paraformaldehyde, iii 
Paralactic acid, 179 
Paraldehyde. 115 
Paris green. 142 
Patent still spirit, 83 
Pectic add, 229 
Pectin. 229 

Pellagra preventive vitamin, 40X 

Penicillin, 299 

Pentacosane, 53 . . # 

Pentamethylene diamine, 247 

Pentamidine, 298 

Pentane (n-). 53 

Pentoic acid, 143 

Pentosans. 222 

Pentoses, 197 

Pentosuria, 197 

Pentosuria, 197 

Pepsin, 104 

Peptide linkage, 370 

Peptones, 377 

Percentage composition, 22 

Pcrchlorethylene. 70 

Percolator. 334 

Peri position. 322 

Perkin's reaction, 3^1. 3*4 

Permeability vitandn, 412 

Peroxidase, 105 
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Petrol, 45 
Petroleum, 44 
benzine, 45 
cracking of, 47 
ether, 45 
jelly, 46 

light, 45 

naphtha, 45 
origin of, 44 
Pharaoh serpents, 242 
Phenacetin, 516 

determination. 518 
tests for, 517 
Phenantherene, 325 
Phenanthren^. 325 
Phenetole, 304 
Phenobarbital, 508 
Phenol, 300, 447 

camphor poisoning, 450 
combined and free. 447 
determination, 450 
dihydric, 301 , 306 
monohydric, 301 
tests for, 447 
trihydric, 301, 307 
Phenolic ethers, 304 
Phenol phthalein, 318 
Phenols, 300 
Phenyl alanine 362 
amine, 283 
carbinol, 308 
carbylamine. 67 
chloride, 276 
chloroform, 278 
dimethyl pyrazolone, 287 
ethyl ether, 304 
glucosazone. 205 
hydrazine, 287 
isocyanide, 67 
methane, 273 
methyl ether 304 
methyl ketone, 31 1 
Phloroglucinol test, 198 
Phosgene, 67, 68. 251 
Phosphates determination, 551 
tests for. 551 
Phasphatides, 173 
Phospholipins, 173 
PhosohoUpoids, 173 
Phosphomolybdic acid 
reagent, 480 


Phosphoproteins, 374 
Phosphorus, 548 

determination, 21, 551 
tests for, 549 
Phosphotungstic acid, 480 
Photosynthesis, no 
Phthalic acid, 274, 313, 317 
anhydride, 318 
Phthahmide, 318 
Phylloquinone, 392 
Phytin, 214 
Phytosterol, 171 
Picric acid, 304 
reagent, 480 
Pilocarpine, 348 
Pimelic acid, 174 
Pinene, 354, 356 
Piperazine, 262 
Piperidine, 327 
Pit gas, 49 
Pitch, 268 

Plane polarized light, 185 
Plasmoquine, 341 
Plastics, 98 
Plumbagin, 521 

chemical tests, 522 
physiological test, 523 
Plumbago rosea. 521 
zeylanica, 521 
Poisons. 413 

administration, 414 
classification, 414 
definition, 413 
extraction of, 426 
gaseous. 418, 433 
identification, 432 
indigenous, 521 
inorganic, 419, 544 
non-alkaloidal organic, 50S 
non-volatile organic, 426 
preservatives for, 415 
volatile, 418 
volatile organic, 461 
Polarlmeter, 184 
Polarizer. 185 
Polarized light, 185 
Polymerization, 62, in, 115 
Polymers, 62 
Polypeptide, 370, 377 
Polysaccharides, 221 
complex, 228 
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Porphyroxine, 495 , 499 
Port, 86 
Potiih bolb. 14 
Potassium, 452 
cyanate, 259 
cyanide, 238 
determination 454 
ferricyanide 241 
ferrocyanidb, 240 
hydroxide, 453 
nitroprusside. 465 
sulphocyanide, 242 
tests for, 453 
thiocyanate, 242 
Precipitation reactions, 372 
Proc^e, 351. 506 
tests for, 507 
Prolamins. 374 
Prt^ine, 363 
Promin, 296 
Promizole. 296 
Prontosil, 

album, 293 
Propamidine. 298 
Propane, 53 
Propanoue. 121 
Propargjdic acid, 156 
Proptne, 57 
Propiolic acid, 156 
Propionic acid. 143 
Propyl alcohol (n-). 90 
Protamines, 373 
Proteins. 369 

biological value, 378 
digestiSility coefficient, 3 

Proteoses. 376 
Protons, 32 
Provitamins A, 385 
Prussian blue reaction, 237 
Prussic acid, 236 
Ptomaines, 248, 432 
Ptyalin, T03, 223 
Purification of liquids. 5 
solids, 2 
Purines, 260 

Purity criteria for liquids, 9 
solids, 4 
Pofcrescine, 248 
Pymmidone. 287 

j^retiirin, 277 

I||ridlne, 327 


Pyridoxin. 404 
Pyrimidines. 259 
Pyrocatechol, 306 
Pyrogallic acid, 307 
PjTOgallol, 307 
Pyrrol Jgneous acid, 76 
P>TX>xylin, 227 
Pyrrole red, 329 
Pyrrolidine. 329 
Pyruvic acid. 178 


Quick vinegar process, 141 
Quinidine, 339 
Quinine, 337 

ethyl carbonate, 339 
Quinol, 307 
Quinoline, 327 
Quinone, 307 

R 

Racemic acid, 191 
Radicals, 32 
Raffinose, 221 

Romberg's digestion method, 421 
Ranvez's test, 51 1 
Rast’s camphor method, 26 
^Rectified spirit, 83, 84 
Red prussiate of potash, 241 
Reductase, 106 
I^eichert Woliny value. 170 
MeissI value, i 7 <^ 

Reinsch's test, 423 
limitations. 425 
Rennet, 218 
Rennin, 105 
Renofiavin, 398 
Resins, 358 
Resorcinol, 306 
Reversible reaction. 159 
Reversion spectroscope, Hart- 

ridge, 435 
Rhamnose, 199 
Rhigolene. 45 
Rhodizonate test, 576 
Riboflavin, 398 
Ribose, 197, 399 
Ricinoleic acid, 155 
Rimini's test 113 
Ring structure. 269 
Rochelle salt, 190 
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Rock oil, 44 

Semi-drying oils, 167 

Rosin. 355 

Separating funnel, 7 

Rotenone, 277 

Serine, 362 

Rothera's test, 124 

Sesquiterpene alcohols, 355 

Roussin's test, 482 

Sesquiterpenes, 354 

Rubner's test, 219 

Shale oil, 47 

Rum, 87 

Sherry, 86 

s 

Siddhi, 527 


Side chain, 271 

Saccharic acid, 207 

Siedlitz powder, 190 

Saccharin, 291 

Silicotungstic acid reagent, 480 

Saccharomyces cerevisae, 82, 

^^7 Silk artificial, 227 

Saccharose, 215 

Silver, 459 

Sago, 222 

acetylide, 63 

Sak6, 86 

determination, 460 

Salicin, 232 

nitrate, 459 

Salicylic acid, 314, 512 

tests for, 459 

determination, 514 

Sinigrin 232 

tests for, 315, 513 

Sitosterol, 172 

Salipyrine, 287 

666, See gammexane 

Salol, 316 

Skraup's reaction, 328 

Salyowski's method, 446 

Smokeless powder, 100 

reaction. 172 

Soaps, 168 

Salvarsan, 297, 564 

Soda lime, to 

in tissues, 566 

Sodium, 452 

in urine, 565 

determination, 454 

test for 566 

nitroprusside, 241 

Sandmeyer's reaction, 286 

tests for, 454 

Santalene, 354 

solustibosan. 298 

Santonin, 234 

Sonnenschein's reagent, 48c 

Sapogenin, 234 

Sorbite (Sorbitol), loi 

Saponification, 159, 166 

Sorensen's method. 362 

value. 166 

Sothi, 222 

Saponins, 234 

Southgate’s semi micro 

Sapotoxin, 234 

method, 468 

Sarcolatic acid, 179 

Soxhlet’s apparatus, 334 

Scatole, 329 

Specific rotation, 187 

Scheibler's reagent, 333 

Spectroscopic test, 434 

Scherer's test. 214, 549 

Spermaceti, 171 

Schifi’s nitrometer, 17 

Sphingomyelin. 173 

reagent, 80 

Spirit denatured, 86 

test. 262 

methylated, 86 

SchindeJmeiser’s test, 482 

proof, 85 

SchryvePs test. 113 

rectified, 84 

Schweinfurt green, 142 

of wine, 80 

Schweitzer's reagent, 227 

Spirits, 86 

Scleroproteins, 374 

Stachyose. 42 1 

Seignette salt, 190 

Starch, 222 

Selivanoff's test, 212 

animal. 225 

Semecarpol, 542 

Starch hydrolysis, 223 

Semecarpus anacardlum. 541 

paste, 223 
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aoloble* aa3 

SUs Otto method* 427 
XDodihceticm* 417* 429 
Steem distillation^ 7 
Stearic aci<L 144 
Stearin^ 165* 169 
^eaiine* ^69 
Stereoiaomerism* x8a 
Sterda. 171 ' 

Stibatin* 298 
Stibosan* 298 
StObami^ne. 298 
Stilbene, 320 

diamidino* 320 
Stills. 83 

Strain theory Baeyer, 55 
Streptodde, 293 
Streptomycm. 300 
Stropbanthin, 232 
Strophanthos glycosides, 232 
Stnictnral formula. 29 
Strychnine, 542, 492 
determination, 495 
chemical tests, 494 
physiolo^cal test, 495 
Strychnos ignatii, 343, 493 
nux vomica, 342, 492 
tieut6, 493 
toxifera, 493 
Sublimation, 4 
Substitution products, 51 
&ibstrate. 103 
Succinic acid, 177 
Sucramine. 292 
Sucrase, 104 
Sucrose. 215 
Sugar cane, 215 
Sugar of lead, 142 
Sugars, compound, 215 
relative sweetness. 21 1 
simple, 195 
Snlphacetamide, 294 
Sulphadiazine, 295 
Sulfibaguanidine, 295 
^phamerazinc, 295 
Sulphanilamide. 293. 519 
determination. 519 
tests for, 319 
Sufpbanilic acid. 292 
Sulphapynmidme, 295 
Sulphates, 436 


determination, 438 
test for. 437 
Sulphathiaxole. 294 
Sulphides alkyl, 132 
Suli^obenatoimide (o-), 291 
Sttlphomolybdic acid reagent, 4^ 
Sulphonal, 131 
Sulphonamide, 293, 519 
Sul^onation, 289 
Sulphones; 132 
SoJphonic acids, 289 
Sulphovinic acid, 162 
Sulphoxides, 132 
Sulphur, compounds, 355 
detection, 12 
determinatiofl, 21 
Sulphuric ether 126 
Sulphuric acid, 436 
determination, 438 
free and combing, 436 
tests for, 437 
Soprarenin, 248 

Sylvester and Hughes method, 457 
Synthalin, 258 
- P. 258 

T 

Taka diastase, 224 

Tannic acid, 317 

Tannins. 316 

Tanret's reagent, 333 

Tapioca, 222 

Tartar emetic, 190 

Tartaric acid, 188 

Tautomeric forms, 31, 179. 237 

Tautomerism, 31, 179 

Tautomers, 31, 179 

Tear gas, 69 

Terpenes, 354 

Tertiary buthyl alcohol, 90 
T etrabromofluorescein . 318 
Tetrachlorelhylenc, 70 
Tetrachloromethane, 70 
Tetradecylic acid, 144 m 
Ttraioddphenolphthalein, 318 
Tetrahedron regular, 29, 55, 185 
Tetra methylene diamine, 248 
Tetramethyl methane, 53 
Tetrasaccharides, 221 
Tetronal, 132 
Tctroscs,, 

ThaJleioquiii ruction, 33^ 
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Theobromine, 164 Tripalmitin, 165 

Theophylline, 264 Tripeptide, 370 

Thevotia nerifolia, 523, 524 Triple bonds, 55 

Thevetin, 524 Trisaccharides, 221 

Thevotoxin, 525 Tristearin, 165 

Thiamin, 395 Troprc acid, 349 

Thio alcohols, 130 Tropine, 349 

cyanates, iso A n-, 242 Trypsin, 104 

dj^ly^l I3i Tryptophane, 368 

eth^, 132 TiL^ntine oil, 355 

Threonine, 362 Twitched' s reagent, 166 

Thrombin,* 105 Try amine. 248, 367 

Thymine, 260 Tyrosine, 366 

Thymol, 306 

test. 19^ U 

Thyroxine, 367 

Tobacco, 335, 478 TJffelmann s test, 181 

Tocophrols, 390 Undecane-2-one, 124 

Toddy, 86 * TJnsaturated acids, 15 1 

Tolu Imlssm, 273 compounds, 54 

Toluene. 273 hydro^bons, 54 

fiulphonic acids. 291 Unsaturation tests for, 

Toluic acids, 274 Upds tree. 493 

Toluol. 273 Uracil, 260 

Totaquina, 337 U^' 252 

Trans form. 178 Urea stibamme, 298 

Treacle. 216 Urease. 105. 255 

Tribromaniline. 283 . method, 256 

Tribromoethyl alcohol, 90 Preides cyclic, 258 

Tribromome thane, 69 simple, 258 

Tribromophenol, 303 Urethane, 252 

Tribromophenyl hypobromite, 448 U^c acid, 261 
Tributyrin, 143. Urico^l^ 105 

Trichloracetaldebyde, 117 Urochloralic acid, 473 

Trichloracetic acid, 145 Uronic acids, 213 

Trichlorobutyraldehyde hydrate, Urotropme, 112 
118 

Trichloromethane. 65 ^ 

Trichloronitromethane, 69 

Trichloro tertiary iso-butyl Vacuum distillation, t 

alcohol, 68 Valency electrons, 33 

Triethanolamine, 94 Valeric acid (n-), 143 

Trihvdroxypropane. 94 Valine, 362 

Triiodomethane, 69 Van Ittalie and van 

Trimethvl amine 247 31 1 

benzene, 275 VanT Hoff A Le Bel 

Trinitrotoluene. 2R0 Van Slyke’s method. 

Triolein, 152, 163 Vapour density deten 

Trional. 13a Vaseline, 46 

Trioees, 196 Vegetable ghee. 168 

Trioxymethylene, iii Verdigris, 142 


Uffelmann’s test, 181 
Undecane-2-one, 124 
TJnsaturated acids, 15 1 
compounds, 54 
hydrocarbons, 54 
Unsaturation teats for, 55 
Upds tree. 493 
Uracil, 260 
Urea, 252 

Urea stibamme, 298 
Urease, 105, 255 
method, 256 
Preides cyclic, 258 
simple, 258 
Urethame, 252 


Vacuum distillation, 6 
Valency electrons, 33 
Valeric acid (n-), 143 
Valine, 362 

Van Ittalie and van der Veen’s 
test. 311 

VanT Hoff A Le Bel theory, 183 
Van Slyke’s method, 361 
Vapour density determination, 23 
Vaseline, 46 
Vegetable ghee. 168 
Verdigris. 142 
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Veronal, 259, 508 
aodium, 259 
testa for, 510 
Victor Mayer method. 23 
Vinegar, 140 
malt, 140 
quick process. 141 
white. 140 
wine, 140 
Vinyl alcohol. 128 
Vital force, i 
Vitali's test. 498, 502 
Vitamin A, 382 
B,. 395 
B,. 398 

B, . 404 

C, 408 
B. 387 

387 

D, . 387 
B,. 387 
K. 390 

G. 398 

H. 408 
K. 39 ^ 

P. 412 

Vitamins. 380 

classification, 381 
Volatile fatty acids, 135 
Von Heyden, 471. 693, 298 
Vortman’s test, 464 

W 

Wagner’s reagent. 333, 480 
Warburg’s yellow enzyme, 401 
Ware’s nitrite test, 448 

nitrite-nitrate test, 449 
Wash, 83 
Waxes, i 7 t 
Werner’s method, 511 
Westron 63 
Wet ashing. 421 
Wbev. 218 
Whisky, 87 


Wine. 86 

vinegar. 140 t 

Wintergreen oil of, 75. 314 
Witte's peptone, 377 
Wohler's method, 253 
Wood charcoal, 76 
gas, 76 
gum, 226 
naphtha. 76 
spirit, 75, 76 
sugar, 199 
tar. 76 
vinegar, 76 
Wool fat, 1 71 ^ 

wax. 171 * 

Wort, 82 

Wurtz reaction, 52 

X 

»- 

Xanthine. 262 
Xanthoproteic reaction. 371 
Xanthydrol, 254 
Xylatn, 199* 226 
Xylenes. 274 
Xyloketose, 197 
Xylose, 199 

Y 

Yeast, 81, 82 

Yellow prussiatc of potash, 240- 
Z 

Zemik’s test, 491 
Zinc. 458 

content of foods, 457 
determination. 457 • 

♦tests for, 456 
Zinc chloride. 456 
Zinc copper couple, 50 
Zooeterols. 171 
Zymase, 82, 105 
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